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l INTRODUCTION 
1 In 1933 Paul observed a unique ring enlargement of tetrabydrofur-
furyl alcohol (I) when it is dehydrated over alumina at 370=380°0. The 
producto dibydropyran (II) 9 was obtained in forty-four per cent yield~ 
Paul suggested that the rearrangement occurs by rupture of the 
oxygen to number 'tw:o carbon bond and subsequent bond formation between 
oxygen and the external metby'lene carbon. Howevern it is also possible 
to consider the process as one involving rupture of the furan 02 -Cs bond 
and formation of a new bond between Ci an4 the external methylene carbon. 
If the process proceeds by way of the oarb'onium ion (III) formed by remov-
) 0 
I 
al of hydroxyl ion from the hydroxymetbylene groupingp then Paul's scheme 
would have bond (a) break:ing0 t.he alternate path would have bond (b) 
breaking 0 a new bond forming to give IVo and loss of a proton to give di-
bydropyran. 
1 
2 
The research described in the following pages was performed in order 
to permit a choice to be made between the two paths. The mode of attack 
was to label the external metby'lene carbon of tetraby'drofu.rfu.ryl alcohol 
with radiocarbono and to determine the location of activity in the 
resulting dihydropyran. The fate of the external carbon is indicative 
of the patho for if oxygen moves (Pau.l 0s su.ggestion) compou.nd V will be 
formedo if the 02 -C, bond breakso compound VI is formed 0 and if both 
paths are followedo compound VI! is formed. 
The results of the experiments m~ be su.mmarized in the formulation 
VIII to IX. Unexpectedly. radioactivity appeared 
not 5oonly tf-n t:e 2-
*~ 2* 
n 
JlX 
position but also in the 6=position of dibydropyran. ~base results and 
how they were obtained are discussed below. Section II immediate~ 
following presents background material. Section III discu.sses the prob= 
lem and the procedure. Section IV describes tlie experiments in some 
detaiL Throu.g~out the thes.is when two ~s.terisk.s a.ppe~r in the same mol-
ec.ule (a!> it"l VII or IX) the inferen<:e sho~ld not be dr~wn tht\t two C- 14 atoms 
a.re pre~ent In the s6vn.e m01~~\e.. Re..ther, this. formll\ation tM~6n<o th~t a rn! x -
ture i'$o -present in '-"hich some m o\cac1.1 \es have C- \4- ~t cne po$ition 61'\d oth~r 
rno\ec.u\es h&ve C-14- at the othe\' po~i\:l~n. 
II :BACJKGROUND 
A. .Previous Speculation 
As stated earliero .Paul2 suggested that the rearrangement of tetra-
b;ydrof'urfuryl alcohol to dibydropyran occurs by the breaking of the 
oxygen-carbon bond. Though aware of the outdated electronic theory in-
volved in Paul0s argument 9 this author is presenting it here because of 
its historical interest. It is developed along the following lines: 
In the reactions of tetrabydrofurfuryl compounds of the type shown 
below: 
where X is any negative group such as b;ydroxylp the elimination of HX is 
easi~ done to form the dipolar ion (I). 
I 
II@_ e 
~H~ 
JI. ::m: 
This ion would not be stable because of the induction effect of the 
oxygen. Paul suggests that it can stabilize itself in several different 
ways. One is for the electron pair to move closer to the positively 
charged methylene group and away from the tertiary carbon. This would 
give rise to the ion (II) which0 according to himo 'is the activated 
form of 2=methylenetetrabydrofuran (III)o the product of .the treatment 
of tetrabydrofurfnryl bromide with sodamide. 2 o3 Proo:f of this is the 
fact that III in dilute aqueons acid media gives 5-bydroxypentanone-2. 
3 
IJ<t> ... e ~H2. 
(actnvat~d fol"UJ 
0§ m_-) 
If ion I were present and did not change to II as described above tetra= 
~rofurfuryl alcohol would be the product. 
Today PauP s description would probably be: 
H 
r~l~:~.ci~ 
~~~n~ 
·0 
Paul 0 s further description is lees readily translated into present-
4 
day symbols. He points out that another way for this ion (I) to stabilize 
itself is by ionization of the carbon=oxygen bond to form a quadripolar 
ion (IV). 
OH H 
. . . 
0 
In the rearrangement which follows the ionization the oxygen can be 
attached to either the secondary or the primary carbon atom. The former 
case would merely give I again. The latter case would give the rearranged 
ion (V). This ionu being unstable changes to Vlu an activated form of 
'dibydropyran (VII) by means of a hydrogen transfer. Paul points out that 
this shift of a hydrogen is quite in keeping with the following rules of 
Prevost and Kirrmann.4o5 
+ 
(a) When a molecule possess a methylene group -~- there must 
be a migration of a hydrogen atom or a radical. 
(b) A hydrogen atom fb:ed at a positive carbon is more mobile 
than one fixed at a negative or neutral carbon. 
(e) The sign of the migrating atom or radical is in general 
not imposed. 
5 
According to Paul 0 the instability of I does not allow direct verification 
o£ the above mentioned meohanis•'b~t its metaionio* isomer II which is 
0 
stable does undergo the ring opening to dihydropyran. The proof offered 
for this is that he was able to obtain dibydropyran (but on~ in very 
small amounts) from 2-metbylenetetrahydrofuran by passing it over alumina 
at 380°0.2 
Final~v Paul suggests t~t it is also possible in the tetrabydro-
furfuryl alcohol rearrangement that the dehydration is the metbylenio type. 
The formation of dibydropyran then may be done through a simple migrati~n 
of the oxygen bond. 
Paul the!n concludes that the rearrangement following a rupture o:f 
the carbon oxygen bond is the on~ p~usib.le path :for the formation of 
dibydropyran .. 
*A term used by Paul to describe the relationship of I to II. 
6 
Before considering reported examples not only of carbon to oxygen 
bond breaking and making but also carbon to carbon bond breaking and 
making we might pause to present an interpretation of the experimental 
facts. Conversion of 2=metlzy-lenetetrabyd.rofuran to dibydropyran may be 
formulated as shown below. It should be appreciated that in the first 
stepv attachment of the electrophilic particle to a vinyl ether general~ 
is considered to occur at the beta= rather than the alp~= position. 
A possible interpretation for the conversion of tetrabydrofurfuryl 
alcohol to dihydropyran would be a rearrangement of the type shown below. 
) 
0 
In all of the previous discussion on~ the migration of the oxygen atom 
to the external methylene carbon has been considered. 
Apparent~ the fact that the 3=carbon atom of tetrabydrofurfuryl 
alcohol could rearra~e resulting in dibyqropyr~ was not considered. 
7 
A further disaussion of possible mechanisms for the above rearrange-
ment will be presented lat~r. 
B. Oxygen and Carbon in Competition in Various Rearrangements 
... 
There are a aonsiderable number of examples of competition between 
oxygen and carbon in a moleaule or ion in which either one or the other 
may rearrange to form a more stable system. Let us consider some of 
these cases~ 
(1) Rearrangements in which oxygen moves 
Vinstein and co-workers6 observed that 2-methoxy-2-metbyl-1-propyl-
p-bromobenzenesulfonate (VIII) on refluxing in aqueous dioxane and 
potassium acetate formed isobutrraldebyde in seventy-five per cent yield 
through loss of the p-bromobenzensulfonyl group and subsequent migration 
Migration of a methyl group here would have caused the formation of 
methyl ethyl ketone. 
It bas recently been observed7 that substituted tetrahydrofurfuryl 
compounds of the type IX where R is hydrogen or an acetyl group rearranged 
in acidic methanol solution to 2e595=trimethoxytetrabydropyran (X) in 
seventy per cent yields. 
CH30H~ 
OCH-3 CH3 CO 
c J.I2.0R c 
JX' X 
typ~ of oxyg~n shift ~a mentio~ed possible in the rearrangement of tetra~ 
~droft~.rft!.l"fl alcohol to dibydropyran. If i:tt the above rearrangement • 
the o~rbon ~d rearranged the expeated product would ~ve been 2,2,6-tri~ 
metho~etraeydr9;pyran. (XI). 
Another rearrangement wbioh involves a shift of a heteroeyolic 
nitrogen atom rather than an oxygen atom might be considered as a fairly 
g 
8 
alose analogy to a sbift of oxygen in the furan series. Fuson and Zirkle 
report tbat l-etbyl-2-ohlorometbylpyrrolidine .A1droonloride (XII) in the 
presenc~ of sodium hydroxide rearranges to l-ethyl-3-ohloropiperidine 
(:XIII). The au.thore propose an ilbl:onium ion intermediate. 
r"f' )~ 
Similarly~ an o;xoni:wn ion intermediate can be proposed :for the tetra-
~ro:furfuryl alcohol rearrangement9 This system is stabilized by loss 
of a proton rather than addition of an anion as in the oase of the iliW-Ion-
ium ion. 
In 1938P Paul9 observed that when metbylfuryloarbinol (XIV) was 
passed over alumina at 400° the only product was 2-metbyl-5,, 6-dibyd.ro-
pyran which was isolated in 5~ yield. 
No 3-metbyl-5D6-dibfdropyrang w4ich would have been the product if a 
oarbon rearrangement occurredp was reported~ ~he above work of Paul 
would seem to indicate the probability that the same path is followed 
in the tetrabydrofurfuryl alcohol rearrangement. It must be noted, how-
e~erp tbat tbe external carbon atom in XlT is secondart while the same 
carbon in tetrabydrofurfuryl alcohol is primary. ~he two should not 
necessarily be expected to undergo the same reactions. Some examples 
of these different types of reactions are those of the carbonium ions 
resulting from the action of nitrous acid on various oyolio methyl- and 
10 11 12 eth;ylamines~ O;rolobntylmetbyle.minep p oyclopent;rlmetbylamine and 
a ~;ralohexrlmet~Lwmine13 have been reported to nndergo rearrangement 
to form alcohols and a;roloalkenes of higher ring systems {Demjanow 
Reaction) o ~he oarbonium ion gen~rated :tn ea;ah of the above oases is 
primary~ 
10 
Smith and ~ear14 studied alpha-cyolopentyl- and alpha-cyolohexyl-
etbylamines and found that only the alpba-cyclopentyletbylamine reacts 
with nitrous· acid to give ring enlarged products. However they also 
report that alpha-cyclopentylbenzylamine reacts to give alpba-cyclopentyl-
benzyl alcohol with no formation of higher ring products~ 
~~:<PHONO) q~-cp 
reports that 4-metbyl-alpba.-oyclohexylethylamine gives no 
ring enlarged product with nitrous acid. 
In all of these cases involving alpha-cyeloalk;rlethylamines the 
carbonium ion formed is secondary. 
Let us now consider some cases in which carbon moveso 
(2) Rearrapgements in Which Carbon Moves 
~amberger, 15 while studying various quinones found that 4-bydroxy-
2,4,6-trimethylcyclohexa-2,5-dienone (XV) rearranged to 1,4-dihydroxy-
2,3,5-trimethylbenzene in the presence of either dilute acid or base. 
oH 
dll. a.ci d 
base 
o-r- ) 
ll 
~he rearrangement of the methyl group in many similar compounds was also 
observed by Bamberger. A more recent example of carbon rearrangement in 
16 the quinone compounds was reported by Siegel and Keckeis. The rearrang-
ing ao~onnd (XVI) was not isolated but was suggested as an intermediate 
in the following series of reaations. 
~here have been ma~ rearrangements of the pinaool type reported. 
In 1929 MO!enzie and Mills, 17 studying stereospecific rearrangements, 
reported the diazotization of dl-~,2-diphenyl-l-p-anisyl-2-aminoetbanol 
(Xvii) and the subsequent migration of a phenyl group to form p-anisyl-
benzbirdl'71 ketone in 89~ yieldv ~he authors report that a smal1.amount 
of product in which the p-anisyl group migrated was also isolated. More 
recentll'e Pollack and Ourtin18 :t~ported a 97~ yield of the p-anisyl-
benzlzy'dry1 ketone fl"om the alpha-racemate of XV11using the same general 
reaction conditionsp ~he beta-racemate gave the ketone in which the 
p-anisy-1 group migrated9 No hydroxy-l migration was observed with either 
racemate, 
HON~~ 
HOAc 
~ollaok and Curtin state that the results indicate that the course 
of this reaction is determined primari~ by the geometry of the rearrang-
ing molecule~ They further state tbat the configuration of the alpha-
racemate in which the phenyl group is in back of the amino group may be 
of sufficient~ lower energy as to make it the more favorable oneo hence 
phenyl migration occurs. With the beta-racemate the configuration with 
the substituted phenyl behind the amino group is favored and migration 
of the substituted phenyl group occurs. From consideration of the three-
dimensional geometry of th~ molecule it appears that the configuration 
in which the hydroxyl group is bfthind the amino group would also have a 
low energy~ Thereforeo the hydroxyl group as well as the aromatic group 
might be expected to migrate. If this is so 0 the results of Pollack 
and Curtin may be considered to be a case of a situation in which both 
oxygen and carbon can move but carbon migration is favored. It should 
also be kept in mind that the carbo~ i~volved in the migration is part 
of an aromatic ring and is therefore different from the other oases cited 
in this section. 
An example of an aliphatic group migrating in the pinaool type 
rearrangement is the reaction of 3=etho:x:y--2-meteyl-heptanol~2 (XVIII) 
12 
with formic acid to obtain 2v2=dimet~lhexalde~de in sevent~-five per 
oent yield. l9 
CHz 
B CH3cC~.C~fC~~ H --~ -CH3 
0~~5 OH 
xv~ui 
In the above case the normal but~l group migrates without isomerization. 
Man~ other alkoxy alcohol rearrangements of the above type are also 
discussed in this paper. 
, 20 Levy studied the rearrangement of a mixed pinacol,l-phen~l-2-
met~lpropanediol-lo2 (XIX)~in various aoidio media. In cold ooncentrat= 
ed sulfuric acid it was found that a methyl group migrated to form 3-
phen~lbutanone-2. 
CH~ I CH =C -=-c~q> 
3 II ! 
0 H 
When XIX was heated with 0.2N sulfuric acid an aldehyde XX was formed. 
!l?bis aldehyde could only be formed b~ migration of the phenyl group .. 
C§.«~ 
·~~c.=CHO 
CH3 
XX 
When the gl~ool XIX was treated with phosphorus pentoxide a mixture con-
sisting of ketone and aldehyde was isolated 0 indicating migration of the 
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phenyl and a methyl group& . . 21-23 24 T~ffeneau and Orekhoff 0 Billard and 
Levy25 have reported similar rearrangements with various mixed pinacols. 
39 Migration of Q;ygen and Carbon 
No specific.examples in which both oxygen and carbon migrate have 
been found in the literature. However 9 the work cited below might be 
considered, with some reservationsp to be analogous to a shift of oxygen 
and carbon& 
Spillane and Tallman26 have reported the rearrangement of tetra-
bydrofurfur.yl alcohols over alumina at 5000 in the presence of ammonia. 
When tetrabydrofurfuryl alcohol was subjected to the above conditions 
a ring enlargement occu~s and the heterocyclic oxygen is replaced with 
nitrogen to give pyridine in forty-five per cent yield. 
Methyl or ethylfuryl carbinol (XXI) under the same conditions gives a 
mixture of alpha and beta substituted pyridines& 
) 
XXI 
No mention of the relative amounts of the two pyridines is made. Cer-
tainly~ caution must be observed in arriving at any conclusion.s :from 
the above work~ The m0de of rearrangement may be entirely di:f:ferent 
from that with tetrabydrofurfuryl alcohol ~t 360-380° in the absence of 
ammoniao The nature of the method in which nitrogen is substituted for 
oxygen in the ring is not at all clear. This may well influence the 
path of the rearrangement. 
C. The Nature of the Rearrangement of Tetrahydrofurfuryl Alcohol. Over 
Alumina 
It is noted that in the previous discussions of the rearrangement 
the first step has been formulated as removal of hydroxyl and formation 
of a carbonium ion. This is certainly not unreasonable in view of work 
done by Weitz and Scbmidt27o 2g who studied the ~dsorption of triphenyl-
metbyl.halides and triphenylcarbinol on alumina or silica gel in non-
polar solvents such as benzene or chloroform. They found that the same 
color was obtained from the triphenylmetbyl compounds on alumina as was 
observed in a solution of triphenylmetbyl chloride in sulfur dioxide. 
Since .this color in sulfur dioxide is attributed to the triphenyl car-
bonium ion. it is probable that the color prciduced on a+umina is also 
due to carbonium ion formation. 
Brey and Krieger29 discuss the alumina dehydration of ethyl alcohol 
at 350-400° to give ethylene. 
as an intermediate. 
The formation of a carbonium ion from an alcohol in contact with 
I 
hot alumina is also strongly supported by evidence that will be presented 
below. 
It is 0 generally. an accepted fact that reaction of an amine with 
nitrous acid (diazotization) produces an unstable diazonium ion. which 
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loses nitrogen to form a transitory carbonium ion that will stabilize 
itself by further reaction~ 116 Pll7 A good example of this involving a 
10 11· 
ring enlargement is the Demjanow reaction. · ' Cyclobutylmetbylamine 
when reacted with nitrous acid forms a mixture of products~ .The reaotion 
can be formulated as follows: 
. \ 
The formation of the five »1embered ring compounds can be formulated as 
a ring e~nsion of the carbonium ion. 
p ~~_ )D~ ~H(f)· ~~H 0 2 0?. --1#~ 
30 . OH Dojarenko obtained cyclopentene from cyolobutylcarbinol on treat-
D 
ment with alumina at 415 to 420°0. This ring expansion is quite similar 
to the Dem.janow reaction and by analogy we can assume that the initial 
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step is removal of hyd.ro:xy-1 by the alumina to form a carbonium ion., 
A closer analogy to the tetrabydrofurfo.ryl alcohol ring enlargement 
to form dibydropyran is the preparation of cyclohexanone from cyclopentyl-
matbylamine by Yallach. 11 
Recent~o Turner and Yarna31 obtained cyclohexene along with a mix-
ture of olefine from cyclopentylcarbinol on treatment with alumina. 
' 
Villiams32o33 bas rel>orted a rearrang~ment of tetrabydrofurfurylamine 
to give dihydropyran or its bydro~sis ,darivative 0 the hemiacetal of 
delta~lcy'droX¥Valeraldebyde as '\'tell as a large amount of the o.nrearranged 
tetrabydrofurfuryl alcohol. 
!fhere are other examples of rearrangements over alumina that involve 
migration of a methyl group rather than ring expansion. These rearrange-
menta are conveniently explained using the carbonium ion theory. 
Senderens34 foc.nd that 2-metbylpropanol-1 over alumina gave 2-methyl-
propene-2 and the rearranged olefino 2=buten~o in a ratio of si~y-sit 
to thirty-three per cent respectively. 
~ ... • 
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alumina to give a mixture of olefins in eight~~five per cent ~ield. 
The ratio 9 by volume 9 of each in the mixture is shown b~ the figures 
pentane over alumina ~d to 3o3o5-trimetbylc~clopentene and the rearrang-
ed lo2o4=trimetbylc~clopentene which was present as two isomers. 
cl}.~3. 
Hs 
1-d~ (2 .iSOlall€-'b'S) 
+ 
These examples of ring enlargements of alcohols over a~ina and 
their close analogy to similar ring enlargements of the c~clic a~l-
amines as well as the rearrangement of methyl groups over alumina lend 
firm support to the theoey that the alumina dehydration and rearrangement 
of tetrabydrofurfu~l alcohol proceeds through ~ carbonium ion intermed-
iate., 
There is 9 also 9 a reasonable explanation for the formation of di-
hydropyran without proposing a primary carbonium ion ~s the initial step. 
In their study of the semipinacolic deamination of optically active l,l-
diphenyl-2~amino-l-propanol (XXII) Bernstein and Whitmore37 showed that 
the rearrangement takes place with a Walden i.nversion of the carbon to 
which the amino group was ~ormerly attached. 
cp H 
I 1,. <P-~-9-CH~ 
OH NH2 
HOINO) 
xxo 
If the removal of the amino group had been complete before the 
phenyl migrated 9 a planar carbonium ion would have been formed resulting. 
in an inactive productp More recent~o Oram38-4l bas demonstrated the 
existence of a three-membered carbonium ion intermediate in rearrange-
menta of the pinacol type. For instance 0 in reactions of the type pre-
viously mentioned with l,l=diphenyl-2=amino-l-propanol (XXII) a backside 
attack by a phenyl group on the carbon carrying the diazonium ion would 
explain the observed inversion4 The intermediate XXIII is stabilized 
by resonance: 
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Other resonance forms in which the positive charge is placed at the ortho 
positions of the benzene ring may also be written:· 
Appqing the same reasoning to the ease of the tetrahydrofurfuryl 
alcohol rearrangement o we have the follow.ing if oxygen moves: 
-
or if carbon moves: 
)(xvtt 
It sho~ld be made clear that forms suah as XXIV-a and XXVI-a are entirelf 
different from the carbonium ion XXVIII and that forms XXIV-b and XXVI-b 
are different from XXV and XXVII respeotivelfo These forms are mere~ 
resonance forms of intermediates XXIV and XXVI, whereas XIV and XXVII 
are ~strained six-membered rings. They may be considered to be dihydro-
pyran with a proton added. It is true that in the lDl-diphenyl-2-amino-
l-propanol (XI) an aromatic group is involved in the 1~2 shift, while in 
tha case of the carbon shift in tetrabydrofurfuryl alcohol a methylene 
group is involvedv Howeverv in a series of papers Winstein and co-
~orkera42~4s ma~ a ~a~ tho~ough stndr ~~ the f~l~ at ~atban and bfdfogan 
•' ' 
' ' 
• 
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norbornylo isobornyl and many other systems were discussed and although 
there is insufficient evidence for intermediate forms such as XXIX in 
the alpba-phenylneopentyl and similar systems there is evidence for forms 
such as XXX in the norbornyl and isobornyl systems. 
xxux 
Forms a 0 b and c of the intermediate XXVI can be written as a single 
form. This formo shown above 0 is seen to be quite similar to .:XXX. 
It can be concluded that there is no justification for assuming 
that the rearrangement of tetrabydrofurfuryl alcohol follows one parti-
cular path in preference to the other. Instances have been cited above 
where oxygen and carbon migrate. These have been done under many differ-
ent aonditionso making it difficult to reach any general conclusion or 
make any predictions concerning the tetrabydrofurfuryl alcohol rearrange-
ment. On~ experimental evidence obtained direct~ from this particular 
reaction will afford the answer. It bas been the purpose of this work 
to find that answer. 
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III DISCUSSION OF TEE PROBLEM 
A. Summary 
1. Procedure and Results 
· The focal points of the problem were: ( l) the rearrangement of 
tetrabyd~ofurfur,rl alcohol labeled with carbon-14 at the external 
methylene carbon 0 and (2) degradation of the producto dibydropyrano 
to locate the activity. 
The tetrabydrofu~furyl alcohol (III) was prepared by reduction of 
oarboxyl-0-14 furoic acid (II)o which waso in turno obtained from furyl-
lithium and labeled carbon dioxide. The starting material for this 
series of preparations was furan (I). 
rl ~!ila'll!Hr N; rn "'II Oil ~ ~ ~~ 
]J[ 
The tetrabydrofurfuryl alcohol was passed over activated alumina heated 
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The dibydropyran obtained was labeled at the 2= and the 6= positions as 
shown by the asterisks in IV. The activity was almost equally divided 
between the two positions. The location of the labeled carbons was found 
by several degradation procedures. 
Since a rearrangement of the heterocyclic oxygen atom would give 
dibydropyran labeled at the 2=position. and rearrangement of the 3=carbon 
of tetrabydrofurfur,yl alcohol would give dibydropyran labeled at the 3-
position. a metqod of separating these two carbons was desired. The 
dibydropyran was ozonized and the resulting ozonide decomposed with zinc 
and water9 The resulting formyl ester (V) was not isolated but hydrolyzed 
direct~ to formic acid (isolated as zinc formate dihydrate (VI)] and 
gamma=bydroxybutyraldehyde (VII). 
~c~~~o 
.. ~ ·~ c~co,o 
Jz: 
The activity was found to be approximately equal~ divided between 
the zinc formate and the gamma~bydroxybutyraldebyde. The location of 
half the activity in the 2=position as shown by the specific activity 
of the zinc formate is consistent with rearrangement of the heterocyclic 
oxygen atom in tetra~rofurfuryl alcohol. On the surface it would seem 
that activity in the gamma=bydroxybutyraldebyde indicates the carbon at 
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the 3-position also rearranges. This would be true only if the activity 
were in the carbonyl carbon of the bydro.xyaldebyde~ 
It was realized that another factor could be operating. This was 
isomerization of the double bond tp the equivalent 5,6-position. This 
does not seem unr~asonable in view of the conditions of the reaction; 
i.e. high temperature over alumina. If both isomerization and carbon 
rearrangement occurred activity would appear in the 3-.5- and 6-positions 
in addition to the 2-p9sition. 
To pin-point the activity in the four carbon fragment containing 
carbons 3P4t5P and 6 the dibydropyran was hydrolyzed to delta-bydroxy-
valerald~byde. Thisp in turn, was oxidized to glutaric acid (VIII)~ 
'*' 5 ¥- 3 *2 H .DOC -CH2 -CH2. -C H2.-coo H 
VIII 
(numbered relative to 
positions in dibydro-
pyran) 
The activity at the 2-position was known. Decarboxylation of the glutaric 
acid would isolate the original 3-p 4-. and 5- carbons of dibydropyran. 
The Schmidt reaction gave a very neat decarboxylation. The carbon dioxide 
was isolated as barium carbonate and the three carbon fragment as the tti-
benzoyl derivative of trimetbylenediamine (IX). 
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The·N?N 1 -dibenzoyl~l 9 3-diaminopropane (II) was devoid of carbon-14 
activityo Therefore all of t.he activity of the dibydropyran was in the 
2- and 6-positions (the carbo:xyls of the glutaric acid)~ 
With these fact~ in bandu a shift of the carbon atom at the 3-
:position of t.~trabydrofurfu.ryl alcohol is preclo.ded. The reaction :Path 
can now be written 9 as shown belowD with the external carbon of tetra-
bydrofurfo.ryl alcohol and the 2- and 6-positions of the dihydropyran 
It shoo.ld be emphasized that this mechanism (heterocyclic oxygen 
shift)·is not the on~ path by which the rearrangement can occur. A 
possible alternate path would be the following: 
,. 
A further qualification should be added. This is that a step occurs dur-
ing or af~er the formation of dibydropyran that places the labeled exter-
nal carbon not only at the 2-position but the 6-position as well. 
2. Suggested Mechanism for Double Bond Isomerization 
The isomerization of the double bond in dibydropyran between the 
2,3- and the 5o6-positions is quite interesting. Several mechanisms for 
the isomerization·can be suggested. If it occurs via the carbon ring 
(EA. = a proton donor) 0 we have the following: 
o~·i.f t~ough the oxygen the following can occur: 
ft. 
IH A~ 
0* ~o -~ ~ ~· 8-0 6-{1 A~!t' Ql ~'[t ·.~. (Y) 
Another very good possibility is a 2o6- shift of hydrogen as indicated 
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The non-classical carbonium ion XIV may also be written as XV. 
~ 
The 2P6-hydrogen shift9 first proposed by Meerwein and Montfort5° to 
explain the isobornyl chloride racemization 0 has been suggested by 
Doering49 to explain the formation of~ - 0 ~-and ~ ~ fenchenes 
(XVIlo XVIII and XIX respective~) from the dehydration of~ -fenchol 
Other discussions of this shift have been presented by Winstein48 and 
Roberts51 o 
It should also be considered quite possible that the isomerization 
of the double bond does not occur after. the dibydropyran is formed. The 
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dibydropyran labeled in two positions could be the result of a common 
~ntermediate XIX reacting via two paths as shown below. 
J(IIX 
There is no evidence~ at present. for any of the speculations 
presented above on the isomerization of the double bond in dibydropyran 
over alumina. However» they do conveniently explain the observed results. 
B. Review of the Experimental ' 
1. Oarboxyl-0-14 Furoic Acid 
CHjCHiC~tcHiiB,.. + 2 Lo ether) Cll-BjCD-D,i<CikltC~ll + lo IB'lr' 
..... 
The starting material in this work was somewhat impure, labeled 
furoic acid that was supplied by Dr. Walter J. Gensler. The following 
information was also supplied: 
"!Che rea.otiqn of furan with phenyllithium52 followed by reaction 
of the resulti~ furyllithium with carbon dioxide gave furoio acid in 
I ' 
. 36-39i ;vields: . MErtalati~n with butyllithium53 followed by carbonatio~. 
proved to be more satisfactory. The two e~eriments in which radio- . 
active oarbon dioxide was .1,4sed afforded carboxyl-0-14 hroio Acid in 
yields of 80 and 85~ respe.ctively-.n 
!Che ex.perimental details as supplied by Dr. Qensler are given in 
·/ 
Section IV. 
In the present work the furoic aoidt after recrystallization from 
oa:t~bon tetrachloride, furnished correc.5t values for the melting· point, 
I neu.t~al e~u.ivalent and ~nalysis. 
2. l?r~l!t:!.Pn of the E:;Nitrobepzyl Es_ter of Oarboaczl-0.,.~4 Fu:roic Acid 
To cli~h the identification of the furoic aoid a solid derivative 
was desired# The p-bromophenacyl ester was prepared but, although a 
sharp and correct mel~ing point was obtained the carbon and hydrogen 
·analyses were unsatisfactory. The p-nitrobenzyl ester was found to serve 
satistaotorily aa e eolid 'det-i'Vati'vth b. tbia preparation eod;twn fQ.roate 
. . " . 
taken frOlll the .:nt:ta\l'a.l eqn.1:V6le'XI.t d~teli'lh~tion waf3 U\3ed. !~!he prooetlare 
followed was essentially that of Shriner and Fuson.55 The carbon-14 
assay compared well with that of furoic acid. 
3· Decarboxylation of Carboxyl-0-14 Furoic Acid 
From the method used in its ;pre~ration it is difficult to visualize 
aotivit7 in the furoic acid in any p~ce other than the aarboxyl group. 
However, a:l.nae this :f'aot is so easy to check experimentally it was deoid-
ed to do so9 Instead of checking the lil.ctivity in the carbon dioxide from 
the deoarboxylation, which would undoubtedly be contaminated unless 
;plished the same thing beoause all that was desired was to show that the 
furan ring was inactive•(as was the case). The carbon dioxide was col-
lected as barium carbonate in a known amount of barium hydroxide. roitrat-
ing the excess barium hydroxide with standard acid gave a value (0.38g.) 
for the weight of barium carbonate that checked :fairly well {5~) with the 
aot~:~,al weight (Ov36g.) of barium carbonate obtained9 
Dnnlop and Peters112 list a number of :references on the decarboxyl-
ation of fu~oi~ a~id. The method of Wilson56 which involves heating the 
:dry acid to its boiling poi:qt did not g;he satisfactory :results. This 
procedure required a :rather elaborate mechanism to prevent sublimation 
of the fu.roic acid and this was inoonvenient on the small-saale that the 
e:x:p.eriment was run·. other aold :runs tll!ling dry copper powder mi:x:ed inti-
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mately with the fnroic acid proved to give equally·~nsatisfactory results. 
The method finally used was similar to that Gf Dauben and Ooad57 in which 
they decarboxylated carboxyl-0-14 phenylacetic acid in a mixtnre of copper 
and quinoline. The reaction proceeded quite smoothlyo The furan was col-
leoted in a trap cooled in dry ice-acetone and converted to a solid deri-
vative as desori9ed below. 
The apparatus used in this experiment is shown in fig~ 1 pagEJ ~'~' .. 
4. Preparation of 3.6-Endoxz-1,2.3 8 6-tetrahydrophthalic Anhydride f~om 
Furan and Maleic Anhydride 
;; 
D . CH-c"h + II / I .CH-C~ ethe~r ) 
:Secanse of its high volatility it wonld not be convenient to handle 
(and perform a radioactive analysis on) furan (I). Since it has been 
demonstrated that furan reacts quantitatively with maleic anhydride to 
give~ directly from the reaction mixture. a pure white crystalline addnct 
(II)t5g' 59 this reaction was utilized to isolate the product from the 
furoic acid decarboxylation. The reaction was carried out in the second 
'· .. }. 
receiving trap (see fig. 1. pagei,k~t) simply by distilling ether into the 
furan. adding maleic anhydride and 'allowing the solution to stand at 
room temperature for two days. No purification other than a thorough 
washing with ether was done. No activity was found in the adduct itself 
. or in its barium carbonate combustion derivative. This shows conclusively 
that the activity present in the furoic acid is completely confined to the 
carboxyl group .. 
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5· Conversion of Oarboxrl-C-14 Furoic Acid to TetrahydrofurfurylAlcohol 
a. The .Reduction of Furoic Acid with Lithium Aluminum Hydride 
• To obtain tetrahydrofurfuryl alcohol from furoic acid reduction of 
the furan ring and the carboxyl group is necessary. It would be quite 
convenient if a cata~tic reduction of the acid would give the tetra-
hydrofurfuryl alcohol in one step. Unfortunate~v this is not practical. 
Furoic acid has been shown to be difficult to reduce catalytically. 60 
Oxl the other handp furfuryl alcohol has been smoothly l:zy'drogenated to 
tetrahydrofurfuryl alcohol. A smooth conversion of furoio acid to 
furfuryl alcohol, followed by further reduction to the complete~ sat-
urated alcohol appeared to be the most praotioa~ and straightforward path. 
The oarbo:xyl-0-14 furoio aoid was reduced with lithium aluminum 
hydride in ether~ Although a conaiderable (~) isotope effect has been 
observed in the lithi~ alnminum hydride reduction of aarbon-14 labeled 
. 61 ' ' 
acetophenone, the probability of this oaouring in th~ furoio acid re-
duction was minimized by the use of excess reagent. The procedure fol-
lowed was very simi~r to that used by Nystrom and ]rown, 62 in the 
preparation of furfuryl alcohol from fnroio acid. Although these authors 
report an eighty-five per cent yield o:f' the alooholv there is reason to 
believe that a somewhat better yield was obtained in this work. Experi-
ments with unlabeled :f'uro~a acid showed that furfuryl alcohol could be 
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obtained in yields of ninety per oento No attempt was made to isolate 
p~re labeled furfuryl alcohol. The crude material was transferred 
direct~ to the glass liner used in the high pressure bydrogenation. 
The over all yield from furoic acid to tetrabydrofurfuryl alcohol was 
seventy-seven per cent. Since Baney nickel reduction of furfuryl al-
oohol was shown to give tetrabfdrofurfuryl alcohol in approximate~ 
eighty per oent yield, it is very like~ that the yield of furfuryl 
alcohol in the lithium aluminum hydride reduction was around ninety-five 
per cent. 
b. B.eduotion of Radioactive Furfuryl Alcohol with :Raney Nickel 
Ra:ney Ni ; Hg, ) 
IOO atTn.150~ l hY-
Tetrab1drofurfuryl alcohol is prepared commercially by the hydro-
genation of furfuryl alcohol with Eaney nioke1. 63 It has also been 
prepared from furfuryl alcohol using suoh catalysts as palladium64 and 
6; 
nickel on kieselguhr. " :Platinum catalysts on the other hand l:lave been 
found to oauije extensive hydrogenolfsis with furfuryl alcohol to give 
. 66 1,2-pent~ediol quantitatively. 
E1l~67 obtained an eighty-five per cent yield (measured by uptake 
of ~drogen) of tetrabydrofurfnryl alcohol from furfuryl alcohol using 
J.aney nickel catalyst at 50° ,. 112 atmospheres and no solvent. The 
procedure of Hilly was generally followed in the hydrogenation of the 
radioactive furfuryl alcohol. However, a small amount of methanol was 
used a.s sol:vent. !!!his was u.sed ohie:r:cy. as a rinsing agent i:a. the transfer 
of the furfuryl alcohol to the glass liner of the high pressure hydro-
genator. ncold" run~ with and without solvent were done. ~here was no 
noticeable difference in the yield or purity of the tetrabydrofurfu~l 
alcohol. In the run in which no solvent was present the transfer of 
furfuryl alcohol and rinsing with methanol were done then the methanol 
I ' 
was removed by distillation (steam bath) from the glass liner. 
6, _!!!~ Rearra!t£iement of :Radioactive Tetrab.ydrofurfurrl Alc()hol to 
Dib.ydropuan. 
1 Since :Paul reported the:formation of dibydropyran when tetrab;rdro-
furfuryl alcohol is dehydrated over alqmina this reaction has been uti-
. · 6S-70 li~ed by many workers to prepare this important chemical intermediate. 
The procedl.U'e followed in this work was similar to that of Sawyer 
and Andrus.71 Instead of the electrically heated vertical column used 
by these workers the apparatus illustrated in fig •. 4 pa€e go was used. 
The te~erature at various points in the tube yas taken with a potenti-
ometer. ndng a oopper-aon.sta'lt~ thermocouple. The tu.be was empty when 
the t~mperature readings were taken. At forty-nine volts (variac) it 
was found that the average temperatu.re in the tube was 340°0. The hottest 
point in the tube was 366° (near the center of the fnrnace). The temper-
atnre was lowest at the ends (2S0° a few centimeters from each end) and 
gradually increased to the ma:dlll1l.m near the center of the furnace., 
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It was found that pretreatment of the alumina as suggested by 
Scbniepp and Geller72 gave much higher rields of dibydropyran. The 
pretreatment was carried out by passing dibydropyran over the alumina 
in the pyrolysis tube heated at approximately l00°a.* The temperature 
was then raised to 300-360° by increasing the voltage to forty-nine. 
After standing overnight at this temperature with a slow stream of 
nitrogen passing through~ tetrabydrofurfuryl alcohol was passed over 
the alumina9 After time was allowed for the tube to drain (the furnace 
being kept at 300-360°) the alumina was considered to be ready for the 
actual conversion of the radioactive alcohol to dibydropyran9 The 
ph;vs;cal a.:p:pear!Ulce of the alq.mina obaDged from white be~ore the pre-
treatment to a dnll gray afterwards. In a large number of "cold" runs 
the yields of pure dibydropyran obtained when the alumina was not pre-
treated ra~ed from 23 to 43 per cent. On the other hand, when pre-
treated alwniru~. was used the yields were 57 to 6S per cent. A thorau~h 
stud~ of this reaction by various workers72P73 bas shown that the temper-
ature o;f the alumina and the rate of addition of tetrabydrofurfuryl 
alcohol are importanto the optimum temperature be~ng around 350°. In 
this ex.periment the tetrabydrofnrfuryl alcohol was added at a rate of 
approximately one drop every five to six seconds. The following table 
*The temperature was determined at various places in the empty tube with 
a thermocouple and potentiometer as before. The furnace with the tube 
was allowed to heat at 22 volts for nine hours. The hottest point in the 
furnace was 125°~ The coolesto a few centimeters from each end, was 
85-900. 
jO 
shows how the yield of dibydropyran varies slightly with the rate of 
addition of the alcohol. All of these runs were done on pretreated 
alumina and the values reported for yields are total values for the 
main runs plus the foreruns because varied amounts were collected in 
the foreruns of different experiments and yields based on~ on main 
runs would not be of much value for comparisons here. 
addition rate approx. no. of ml. of per cent yield of 
in mlbnin. alcohol added dipydrop:yran 
1 7 51 
0.5 10 61 
0.5 10 69 
0.33 10 70 
0.5 10 75 
0.5 10 71 
0 .. 5 10 78 
0~5 10 74 
0 .. 33 10 71 
0~33 10 70 
Althongh too differences are small~ the yields are slightly higher when 
the addition rate is approximately 0.5 ml. per minute. This corresponds 
to a~roximately one drop per six seconds which was the rate used for the 
:r~ioactive run. 
The radioactive tetrabydrofurfuryl alcohol had a specific activity 
of 4.o4 millimicroaurie/mg.a. With on~ a small amount of this alcohol 
on band it was decided to dilute it wi~h "cold" tetrabrdrofurfuryl 
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alcohol~ This was done during the actual run by first adding the radio-
active alcohol and then the "cold" alcoholt which also functioned as a 
rinse for the radioactive alcohol. 
Several methods of isolating the dibydropyran were tried. It should 
be kept in mind that in this experimentv as well as the others~ the quan-
tities of material were usually much smaller than those used in similar 
experiments described in the literature. Therefore, methods of isolating 
and purifying the products bad to be modified in some cases. The dibydro-
pyran obtained from the dehydration of tetrabydrofurfuryl alcohol is 
always_obtained as part of a green organic layer along with an aqueous 
layer. Direct distillation of the dibydropyran gave unsatisfactory re-
sults. Extraction of the diby.dropyran from the mixture of products with 
ether was likewise unsatisfactory. It was difficult to obtain a good 
separation of the dibydropyran from the ether. Use of a high boiling 
solvent (tetralin) was found to be much better. Howeverp it was found 
that the use of solvent was unnecessary. The dibydropyran was collected 
over ~hydrous potassium carbonate. This served a double purpose~ It 
took up a large amount of the water formed in the reaction and its 
presence made it very unlikely that any free acid, which would attack 
the dibydropyran, was present. The green organic layer containing the 
dibydropyran was easily separated from the lower aqueous potassium carbo-
nate solntion with a small pipet. Two distillations and a drying with 
lithium a~inum bydride.(after the first distillation) were necessary to 
obtain a pure and dry product. 
Since the radioactive tetrabydrofurfuryl alcohol was diluted approx-
ima.tely three-fold with "cold" ~lcohol the specific activity should be 
expected to decr~ase proportionate~" This was found to be the case. 
The specific activity changed from·4.04 muco/mg.G for the alcohol to 
1.17 muo./mgoG for the dibydropyran. 
7• EY~O~ysis of Dihydropyran to delta- liydroxyvaleraldehyde and 
l".re:pa.ration. of the 2p4-Dinitropbenylhydrazone Derivative. 
Even though a large number of aompounds add readily to the double 
bond of dibydropyran the products of these reactions are not suitable 
for solid derivatives. On hydrolysis of dihydropyran with dilute aqueous 
acid ~anl74 obtained a five-carbon hydroxyaldehyde. It has later been 
shown t.hat the l'eaction proceeds via a hemiacetal (I) formed by addition 
. . 72 
of wa.tel' to the double bond of dibydropyran. This hemiacetal bas been 
l'lhown by absorption speatra72 to be in eq1_1.ilibrium with abou.t five per 
cent of the straight chain delta-bydroxyvaleraldebyde (II). This hydroxy-
aldehyde can be easily isolated as the 2~4-dinitrophenylbydrazone.75 9 76 
In this work the delta-hydroxyvaleraldebyde from the radioactive dibydro-
pyran was obtained as the crude 2p4-dinitrophenylhydrazone in quantitative 
yield~ A seventy-four per cent yield of the pure material (melting only 
several degrees higher) was obtained. The procedure followed in prepar-
ing the 2,4-dinitrophenylbydrazone after the hydrolysis was essentially 
that of Shriner and Fuson. 77 
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The specific activity of the derivative checked well with that of dibydro-
pyran. 
S. The Ozonolysis of Radioactive Dihydropyran and the Isolation of the 
Reaotion.Products. Zi~c Format~ and gamma-Kydroxybutyraldenyde. 
Attention was now turned to the problem of locating the activity in 
the dihydropyran. As pointed out previous~. it was considered of prime 
importance to find the amount of actiiity at the 2-position of dibydro-
pyran. To do this the method of degradation used bad to consist of 
separating the carbon at the 2-position from the remainder of the mole-· 
cttle. If this could be done while the rest of the molecule remained 
intact, so that the amount of activity present in it could also be de-
termined, then so much the better. 
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I 
I 
A procedure that was seriously considered utilized a aeries of 
78 
reactions reported by Faul: 
0 sol) o::~~ o:~ 
7 
~he 2aphe~l-3abromotetrabydrop,rran (V) obtained by Paul might be ex,peot-
ed to reaat with metallio zina or sodium as follows: 
[oJ.~ ~-cOOH + HO..C~!C~H£COOH 
EI JZm: 
Oxidation of the 5-l:zy'dro:q-l-phenylpentene-l (VI) wonld. yield benzoic 
aoid (VII) in whioh tne oarboxyl oarbon would be the 2-oarbon of dihydro-
pyran. ~he remainder of the dihydropyran would be isolated as gamma-
bfdroxybutyria aoid (VIII). 
Sinoe the method described above involves an oxidation of a double 
bond it would seem plausible that oxidation of the double bond of di-
hydropyran itself should be atte~ted first. A standard procedure for 
oxidizing an ethylenio double bond is 0 of oourseo ozonolysis. Although 
the ozonolysis of dihydropyran has not been previouslr reported 0 some 
substituted dihydropyrans have been ozonized. Fischer and oo-workars79 
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report the ozonolysis of glucal triacet~te (IX) to obtain a mixture of 
products containing triacetylarabinose. 
Ac 
6:1 
IX.· 
Stoll and EinderSO,Sl report the ozonolysis of X which is a substituted 
dibydropyranq 
·'' 
In the case of dibydropyran it was ho~ed that ozonolysis and subse= 
quent decomposition of the ozonide would give the intermediate, II. 
C~O. O'lr ·cHO . . =0..0 6-60 J[ !!> 
Actually this intermediate is the formyl ester of gamma-hydroxybutyr-
aldehyde~ Wben zinc is used with water to decompose an ozonide 9 zinc 
·oxide is formed. In the presence of zinc oxide and water II oonld be 
expected to hydrolyze to form zinc fo.rJXiate (III) 9 and gamma-hydroxy-
butyraldehyde (IV). 
~ ~~> 2 o~c>{cHJ3=o H 
Til 
+ Z'n(Hcoo)i2. ~o 
JJir. 
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The zinc formate. which is isolated from an aqueous solution as the di-
bydrate82 would contain the carbon from the 2-position of dibydropyran. 
It could be used direct~ as a derivative or the formic acid could be 
converted to a suitable organic derivative. The remainder of the di-
bydropyran would be isolated as the gamma.-bydroxybutyrald.eb;rde or a 
suitable derivative. 
Ozonolysis of "cold" dihydropyran indicated that the compound react-
ed quantitatively with ozone. :Be.fore each run the ozonizer was calibrat-
ed as desoribed in the experimental section. Knowing the moles of ozone 
being produced per hour and the number of moles of dihydropyran used the 
time required for complete ozonolysis (assuming quantitative absorption 
of ozone) of the dibydropyran could be calculated. The ozone-oxygen 
mixture was bubbled through potassium iodide solution after passing 
through the reaction mixture. The formation of a red color in the potas-
sium iodide due to the oxidation of iodide to iodine by the ozone indi-
cated that all of the organic compound had reacted. In all of the runs 
on dibydropyran the time elapsed between the start of the reaction and 
tb$ appearance of iodine in the potassium iodide checked quite closely 
to the calculated time. The following table illustrates some of tb$se 
exalllples. 
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millimole a 
03 / br. produced 
by machine 
26.5 
19 .. 4 
27.4 
17 ;6 
26.3 
20.7 
*20 .. 9 
millimoles of 
dib;ydropyran 
used 
20 
20 
20 
10 
10 
10 
10 
calcd. time (min) 
for appearance 
of I 2 
45·3 
61.·8 
43.8 
34.1 
.-22. g 
29.0 
28.7 
observed time (min) 
for appearance 
of I 2 
44 
58 
44 
33 
22 
28 
27 
Decomposition of the ozonide with zinc dust and water by stirring 
the mixture overnight at room temperature and heating on a steam bath 
for two hours gave 0 after filtration 0 a clear solution from which white 
crystalline zinc formate dihYdrate and gamma-bydroxybutyraldebyde were 
isolated. 
9· Isolation of Radioactive Zinc Formate Dihydrate. 
The zinc formate and the gamma=bydroxybutyraldebyde were separated 
by continuous extraction with etherp the formate remaining in the aqueous 
layer. Concentration of the solution of zinc formate in water to several 
milliliters followed by addition of absolute ethanol precipitated the 
white ar,Ystalline compound. 
*Radioactive run .. 
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This zinc salt was found to give a good carbon and bydrogen analysis. 
After the combustion an ash9 zinc .oxide, remained. This could also be 
quantitative~ determined. On the basis of this information, zinc for-
mate dibydrate was used as the derivative for formic acid. 
10. Isolation of gamma-H1dro;ybutyraldehyae as the 2,4-Dinitrophe~yl­
bydrazone. 
The gamma-bydroxybutyraldebyde obtained as a pale yellow residual 
oil on concentration of the ether extract was isolated as the 2,4-dinitro-
phenylbydrazone. It was found that the use of a molar equivalent of 
2.4-dinitrophenylbydrazine reagent (based on moles of dibydropyran) gave 
.a produot which could not be purified. After several experiments in 
which the amount of the 2~4-dinitrophenylbydrazine reagent was varied it 
was found that approximately a 0.6 molar equivalent of the reagent was 
the maximum amonnt that could be used and obtain a product that could be 
purified relatively easily. This indicates that the impurity was prob-
ably excess reagent •. The use of less than the theoretical amounts of 
the reagent might have led to some difficulties. It had, until several 
years ago, been assumed that isotopes of the same element react identi-
oally. In the past few years, however, a large amount of work has been 
done which shows that in many cases there is a slight difference in the 
reaction rates of labeled and unlabeled carbon. Generally, the unlabel-
ed carbon has been found to react somewhat faster than the labeled car-
bon. Use of excess reagent prevents this selectivity by allowing the 
reaction to proceed to completion. A discussion of the isotope effect 
and a list of pertinent references has been presented by Ropp and 
Neville. 83 
Use of less1 than a mo~r equivale~t of the 2,4-dinitrophenylbydra-
zine in the reaction with ga.mma-bydroxybutyraldebyd.e might lead to 
erroneous conclusions based on the specific activity of the 2.4-dinitro-
phenylbydrazone if an isotope effect occurredQ If this w~e the case 
some other method of isolating gamma-bydroxybutyraldebyde would be neces-
saryQ Fortunately, the activity present in the dihydropyran could be 
accounted for in the total activity of its ozonolysis derivatives, zinc 
£ormate dihydrate and g.amma-bydroxybutyraldebyde-2,4-dinitrophenylbydra-
zone as shown through use of the following equation: 
Specific activity of dibydropyran = 
This equation is ae~ived as follows: 
1/5 (specific activity of zinc 
fo~te + 2 (specific activity of 
gamma-hydroxybutyraldebyde-2,4-
dinitrophenylbydrazone) 
The specific activities are reported as millimicrocurie per milli-
gram of aarbon so eaeh activity must b.e corrected for the number of 
carbons before a aomparison is made~ Dibydropyran has five carbons ana 
zinc formate one (both carbons in zinc formate come from the same carbon 
of dibydropyran)~ If all of the activity in dihydropyran is in the 2-
position it would appear in the zinc formate, which would be five times 
as active (based on muc6/mg~.C) as the d.ihydropyran due to the carbon 
ratio of five to one. On the other hand all of the activity in the 
2.4-dinitrophenylbydrazone would give it a specific activity of one-half 
that of the dibydropyran due to the dilution factor in going from five 
carbons in the dibydropyran to ten in the 2.4-dinitrophenylhydrazone 
derivative. 
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Substituting the apecific activities obtained in the above equation: 
activity of dibydropyran = 1/5 (2.59)~ (0.294) 
= 0 .. 51S + 0.5SS = 1.106 
The specific activity of dibydropyran as determined ~i Brookhaven was 1 .. 17. 
ll. Conversion of Badioaotive Dihydroprran to Glutaric Acid, 
Attention was now turned to locating the activit7 in the dibydropyran 
' . 
other than that already fo~nd in the 2-positiong As previously mentioned 
shift of the carbon atom at the 3-position of tetrahydrofurfuryl alcohol 
would give dihydropyran labeled at the 3-position while a shift of the 
heterocyclic oxygen atom coupled with isomerization of the double bond 
wo~ld give dibydropyran labeled at the 2- and the 6-position. To locate 
the activity other than that already known to be present at the 2-position 
of dihydropyran0 some method of separating the 2- and the 6-positions from 
the remainder o! the molecule was required~ 
The oxidation of delta-hydroxyvaleraldebyde9 the hydrolysis product 
of dibydropyran, has been reported by several workers.S4oS5 The carbons 
from the 2- and the 6-positions of dibydropyran appear in the carboxyl 
groups of the prodnct 0 glutaric acid. Decarboxylation of the glutaric 
. ' 
. 
ao.id and..,!solation of the t}Jree methylene grou:ps intact would enable the 
, 
amount of activity in the 3-Position as well as the 3-, 4- and 5-:positions 
(as a group) to be determined. ~he procedure fallowed in the conversion 
of dibfdropyrau to glutaric aoid was essentially that of English and 
Dayan. 84 Yith the small quantities of materials used it wa~ unnecessary 
to reflux the dibydropyran and the dilute acid to form. the delta-hydroxy-
valeraldebyde as suggested by English and Dayan. Sba.king the mixture in 
a stoppered flask at room temperature was sufficient. Eetter results 
were obtained if the reaation mixture was evaporated to dryness with a 
minimum of beating. Frolonged heating to remove water and nitrio acid 
caused further' oxidation of the glutaric to succinic acid. For this 
reason the evaporation was carried out as described in the experimental 
procedure. 
86,87 . . 
~he Schmidt reaction affords a very neat and convenient method 
of deoarboxylating an organic carboxylic aoid and obtaining the remainder 
of the moleou.le as an amine. Although the Schmidt reaction on glutaric 
acid bas not been reported? it has been used to prepare ethylenediamine 
88 88.89 from succinic acid and tetramethylenediamine from adipic aoide 
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The yields of ethylene- and tetrametbylenedi~ine were seven and eighty 
per cent respectively. It bas be'en stated90 that in the Schmidt reaction 
with dicarboxylic acids the yield of diamine improves as the distance 
between the carboxyls increases. In this work trimetbylenediamine was 
obtai~ed in average yields of sixty per cent (isolated as the dibenzoyl 
derivative). The apparato,s used is shown in fig. 6u page,9S. The 
procedure used was similar to that described by Rothchi.ld and Fields ,91 
who ran a series of Schmidt reactions on tricarboxylic acids of the 
following type: 
Hooc-(cH)j~HcooH 'Yl=l,.3a .... 1 u COOH I IJ(J ..,. 
to obtain the corresponding amino acids. These authors report that 
better results are obtained if the reaction is run at ca. 60° than at 
the usual temperature of 40°. For this reason the glutaric acid re-
action was run in boiling chloroform (b.p. 61°). Many variations have 
been used in adding the reagents. 87 In this work concentrated sulfuric 
acid was added dropwise with stirring to the mixture of chloroform 0 
sodium azide and glutaric acid. The carbon dioxide was passed into 
barium hydroxide solution and the diamine was obtained from the reaction 
mixture. 
13. The Isolation of Radioactive Carbon Dioxide as Barium Carbonate 
The barium carbonate=C-14 0 which formed when the carbon dioxide 
from the Schmidt reaction w~s bubbled into saturated barium hydroxide 
solution was collected by suction filtration on a glass sintered funnel. 
After several washings with hot water and final washings with aqetone it 
was dried in an oven at 120° for twelve. hours. 
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After several "cold" runs in which yields of barium carbonate higher 
than one hundred per cent were obtained, a series of blank runs were made 
to determine the source of the contaminant. It was found to be the sodium 
a~ide. ~he ohemical composition of this contaminant was not determined, 
but solubility tests indicated that it contained, at most, only a small 
amount of b~rium carbonate. Roberts and Ralmann92 report that the Schmidt 
reaction on labeled propionic acid gave contaminated samples of bari~ 
carbonate-0-14. It is also quite p~obable that the barium carbonate was 
contaminated with atmospheric carbon dioxide. It has been found* that 
unless the final filtration is done from a slightly acidic solution, the 
base present can continue to absorb carbon dioxide even after the sample 
is dried and that unless kept in a good desiccator, preferably under 
vacuum, it will exchange with atmospheric carbon dioxide. 
The contaminated barium carbo~te analy~ed for ninety-seven per 
cent barium carbonate and had a specific activity of 2.43 millimicro-
curies/mg. carbon. Since all the activity in dihydropyran was at the 
2- and the 6-positions the barium oarbonate should have had a specific 
activity of 5/2 (specific activity of dibydropyran), i.e. 5/2 (1.17) or 
2.94 muo/mg~·Q·. 
The barium carbonate could on~ be used as a qualitative oheok on 
the other aotivitieao However, the amount of ~otivity present in the 
trimetbylenediamine would furn~sh the information necessary to interpret 
I 
the results • 
. 'l!\ --~ !i\ ~i'll~li18!11 ... ~to~~:n ~\iwn'h~ "$a~:r~ito~, ;Pr"M.t~ 10·oift=. 
liilil~~-t\<bn\ 
51 
'14. The Isolation of 1,3-Diaminopropane (Trimeth.ylenediamine) as the 
P1Be~zoyl Derivatiye. 
H~-CHtCHiCHtN~ + 2. q;coc~ + 2. N~OH ----+) 4>-c-NHCH2,CHfCHfNHuC~ 8 I 8 
+ 2. Na..C~ + 2-HtO 
Trimetbylenediamine. has been teported93 to react quantitatively 
with benzoyl chloride under Schotten-Eaumann conditions. This reaction 
was utilized to isolate the diamine. The NDN 1-dibenzoyl-l, 3-diamino-
propane (I) was found to have a specific activity of only o.oo4 milli-
mioro~urie/mg.O. In counts pe~ minutes this was on~ ten counts above 
background (65 opm). It is almost impossible· to get absolutely no 
counts from a sample which has been derived from active material, and 
in anr case the actual figure given for the specific activity is not 
statistioallf significant because of the very low rate of oounts per 
minu.te.* 
From the point of view of writing a mechanism the dibenzoyl 
derivative is considered inactive. 
* Dr. David R. Christman. Eropkhaven National Laboratory, private com-
munication. 
C~ Counting and Correlation of Acti~ity of Qompounds 
1. Combustion and Opunting of Compounds 
The radioact i<ve. and chemical analyses for all the labeled compounds 
were done at ~rookbave~ National Laboratory. The apparatus used enabled 
a carbon and hydrogen a:ri;alysis as well as a carbon-14 assa;r to be per-. 
I 
: 
formed on one aa.mple of ~ labele·d compound. A detailed description of 
. 1~ 
thJ.S apparatus bas been given by Anderson and co-workers~ 
1
originally, 
.,., :u4.ll.5 . · : · the Van Slyke-.~~olch. · wet oxidation method; • in whieh the organic 
compound was oxidized with a mixture of chromium trioxide, potassium 
iodate, sy~~ phosphoric acid and fuming sulfuric acid was used at Brook-
ha<ven. This was abandoned for the more convenient dry ~ombustion method. 
(The wet combustion method is still used. howev-er, by many workers for 
oxidation of bfologi~l materials). The present procedure involves 
' 
burning the radi~active compound in a stream of oxygen and collecting 
~ . . 
the carbon dioxit}e and water in traps. The amount of carbon dioxide and 
water are determi~Ji manometrically-. This gives the carbo:a and hydrogen 
percentages. The carb~ .. tJ;io:x;ide is then bled into an interna} counting 
,, 
tube. The counts per minute are eonverted to specific activity and re-
ported as millimicrocuries per milligram of carbon. 
A precision and accuracy of two to three per cent can be obtained 
in the carbon-14 assays by the dry eombustion method now being used at 
Brookhaven. The. ohemi~l analyses are as accurate as standard procedures 
(absorption lUbes) for carbon and ?Ydrogen determinations. 
I . 
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2~ Correlation of the Specific Activities of the Oarbon-14 Oompounds 
The pure carboxyl-0-14 furoic acid was found to have a specific 
activity of 4.12 millimicrocurie per milligram of carbon (abbreviated: 
<. 
muc/mgoOJ. The p-nitrobenzyl ester derivati~e had an activity of 1.77 
muc/mg.O. Furoic acid bas five carbons and the ester has twelve. Yith 
this increase in the number of "cold" carbOns the activity of the ester 
should be five-twelfths (5/12) that of the acid or 1.72 iJJ.uc/mg.O. The 
error here is 2o~• The conversion of furoic acid to •tetrabydrofurfuryl 
alcohol does not change the number of carbon atoms. Therefore, the 
alcohol should have the same specific activity as the fu~oic acid. The 
average value obtained for the alcohol was 4.o4 mu.c/mg.O. (within 2% of 
the fu.roic acid value). 
The tetrabydrofu.rfuryl alcohol was diluted approximately three-
fold during the pyrolysiso The resulting dibydropyran should have an 
acti~ity of·approximately one-third t~t of the alcohol. 
1., Activity of the dibydropy~: 
:o: 
I 
The activity of the dibydropyran as used in the experimentation was 
obtained by five methods. They are: 
1. Direct analysis 
2,. .Analysis of the 2 ,4-dinitrophenyl-
bydrazone of delta-bydroxyvaleraldehyde 
3· Sum of activity at position 2 and 
positions 3. 4, 5, and 6 
4. Analysis of glutaric acid 
5· Sum of activity at 3P 4, 5- plus 
2p 6-positions 
1.17 muc/mg.O .. 
1~14 muc/mg.O. 
1.11 muc/mg.O., 
1.17 muc/mg.O. 
0.97 muc/mg.O. 
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The activity figures given above were arrived at as follows: 
1. The dibydropyran was converted directly to barium carbonate that 
showed a specific activity of 1.17 muc/mg.O. 
2. The dibydropyran was converted to delta-bydroxyvaleraldebyde and 
this to its 2»4-dinitrophenylhydrazone. The derivative showed 
an activity of. 0.519 muc/mg.Oo Since this derivative has a total 
of eleven carbon atoms and the dihydropyran as, well as the 
hydroxyvaleraldehyde has five carbon atoms, the latter two 
materials would have an activity of 11/5 x 0.519 or 1.14 mua/ 
mg.C. 
3· Ozonolysis of the dihydropyran split the molecule into two 
partsp that is, into a fragment containing carbon atom 2 and 
a fragment containing carbons 3, 4, 5, and 6. T.he carbon of 
position 2 was isolated and analyzed.as zinc formatet the "3 9 
4, 5, 611 fragment as the 2.4-dinitrophenylbydrazone of ga.mma-
bydroxybutyraldehyde. 
The 2.4-dinitrophenylbydrazone derivative showed an acti-
vity of 0.294 muc/mg.O. and therefore, the gamma-hydroxybutyr-
aldehyde (i.e. the "3 ,4,5 ,6" fragment) bad an activity of 
10/4 x Oo294 or 0.735 muc/mg.G. 
If F = 12 x 1000, the total activity of ~ ~ of the 
hydroxybutyraldehyde is 4 x 0. 735 x F = :::!.94 F muo/mole of 
bydroxybutyraldehyde and, therefore, also of one mole of the 
"3• 4, 5, 6n fragment. 
The zinc formate fragment showed an activity of 2.59 
muc/mg.O. The «2 11 fragment bas the same activity"' One mole 
of the 11 2" fragment would have an activity of 2.59 F muc. 
Since the sum of the activitiE!S in the 11 2 11 fragment and in the 
"3, 4, 5o 6n fragment should be equal to the activity of the original 
dihydropyrano (2o94 + 2.59) (F) muc. or 5 ·53 F muc. is the total 
activity of one mole of the original dibydropyran. The activity of 
this dibydropyran expressed differently is 5.53 F or loll muc/mg.O. 
5 F 
4o Direct analysis of the glutaric acid obtained from the dibydropyran 
by hydrolysis followed by oxidation showed that the average activity 
(obtained from three analyses of 1.19, 1.18 and 1.15 muc/mg.O.) was 
the same as the starting material, i.e. 1.17 muc/mg.C. 
5. The glutaric acid consisting of the original five atoms of carbon 
in the dibydropyran was converted to a "3 9 4, 5l' fragment and a 
11 2·. 6lf fragment by application of the Scbmidt reaction. The 1139 4. 
511 fragment obtained as the dibenzoyl derivative of trimetbylene-
diamine showed an activity tbat was essentially zero. The 11 2, 6" 
fragment obtained as barium carbonate showed an activity of 2.43 
muc/mg.C. This is the equivalent of 2.43 F muc/g. atom of carbon 
from the 2- and 6-carbon atoms in one mole of the original glutaric 
. ' 
acid or of the original dibydropyran. The total activityo therefore 9 
from both 2 and 6 is 4.86 F muc. The total activity of the original 
glutaric acid 0 and, therefore, of the dibydropyran is the sum of the 
activities of the "3 9 4, 51' and the n2, 611 fragment. This is 
(0 + 4.86) F or 4.86 F muc/mole of dibydropyran. Expressed diff~r­
ently it is 4. 86 F or 0.97 muc/mg.O. 
5 F 
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The activity analysis of the barium carbonate from the "2 9 6~ frag-
ment may not be an accurate _reflection of the activity of the 2- and 6-
positions9 The reasons for this are discussed elsewhere~ 
The standard deviation for each analysis is 2.5~. The figure 1.110 
which is the sum of the activities at the 2- and 6-positions as given by 
analyses of zinc formate and gamma-hydroxybutyraldebyde-2 9 4-dinitro-
phenylhydrazonep can be shown to have a standard deviation of 1.8%. 
The average activity of the dihydropyran (and the glutaric acid)s neg-
lecting value 5s can be obtained as follows: 
(1) 1.17 t 2.5% 
(2) 1.14 ± 2.5% 
(3) l. 11 ± l. ~ 
(4) 1.17 ± 2.5% 
If the standard deviations are converted to absolute values getting the 
sumn we haves 
(1) 1.17 ± 0.029 
(2) 1.14 ± 0.029 
(3) 1.11 ± 0.020 
(4) 1.1 ± o.o 
2 4-59 ± { o. 029 )+( o. 029 )+(0. 020)+( o. 029) 
= 4~59 ±Vo. 0029 = 4.59 ± o. 054 
The average value for the activity of dibydropyran is then obtained by 
dividing the sum and its standard deviation by 4. 
4.59 ± 0.054 = 1.15 ± 0.014 = 1.15 ± 1.~ 
4 
The per cent activity at "the various positions in dihydropyran will be 
determined by using this average value. 
sol} 3 
' 2. 
The per cent activity at the 2-position is obtained as follows: 
(1) The total activity of' one mole of' dibydropyran (also one ·mole of 
glutaric acid) is 5 x 1.15 ± 1.~ x F or 5·75 F ± 1.2% muc. The acti-
vity at the 2-position in one mole of' dihydropyran (from zinc formate 
analysis) is 2.59 ± 2.5~ muc. Therefore the per cent activity at the 
2-position is 
(2) The per cent activity at the 2-position is also given by the f'ol-
lowing equation: 
total act. of' dihydropyran~act. of' 3. 4. 5. 6-positions x 100 
total activity of' dihydropyran 
oro (5 X 1.15 ± 1.2% X F)--(4 X 0.735 ± 2.5% X F) X 100 
5 X 1.15 ± 12$· X F 
= (5.75 F ± 1.2%)-(2.94 F ± 2.51t) x 100 
5·75 F ± 1.2% 
= (5.,75 F ± o .. o69)~(2.94 F ± o.oz4) 
5 • 75 F -!: 1. 2% 
X 100 
= 2.81 F ± v (0.069) 2+(0.074) 2 
5•75 ± 1.2% X 
100 = 2 • 81 F ± 0.10 X 100 
5· 7~ F ± 1.2% 
= 2.81 F ± 3.6% X 100 = 49% ± \} (3.6)2+(1.2)2 
5·75 F ± 1.~ 
= 49% ± 3·8% = (49 ± 1.9)%. 
The sum of' the activity at the 3. 4 9 5-positions is zero per cent as 
obtained from analysis of' the dibenzoyl derivative of' trimetbylene-
diamine. The per cent activity at the 6-position is obtained as follows: 
(1) The total activity at the 6-position is equal to the total activity 
of dihydropyran minus the activity at the 2-position minus the activity 
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at the 3» 4, 5-positions» or 
(5.75 F ± l.z%)--(2.59 ± 2.5~)--0 
= (5. 75 F ± O. 069 )-(2.5.9 ± O. 065) 
= 3 .. 16 F ± V<o.o69) 2+(o.o65) 2 = 3.16 F ± 0.095 
= 3.16 F ± 3·CfP 
Per cent activity at 6-position = 3.16 F ± 3.<$ :x 100 
5·75 F ± 1.2~ 
= 55%± V<3.0) 2+(1.2) 2 = 55%± 3·'2% 
= (55 ± 1. 8)%. 
(2) The total activity at the 6-position also equals the total activity 
of the 3, 4, 5, 6-positions minus the total activity of the 3 9 4, 5-
positions, or. 
2.94 F ± 2.5%--0 = 2.94 F ~ 2.5% muc. 
Per cent activity at 6-position = 2.94 F "* 2.5% :x 100 
5·75 F ± 1.2% 
= 51% ± v(2.5 )2+(1.2) 2 = 51% t 2.8% = (5i 1: 1.4)%. 
Addenda 
Additional analyses from Brookhaven are reported below; 
(1) Zinc Formate Dihydrate 
a, 12G55; H9 3.16; Ash (ZnO), 42.5 
Found: a, 13.15; H, 3.35; Ash, 42G50 
O, 13.77; H, 3G38; Ash, 42G38 
0-14 Assay: (1) 2.614 muc/mg.a. 
(2} 2.603 muc/mg.C. 
{2) Gamma-Hydroxybutyraldehyde-2,4-Dinitrophenylhydrazone 
% Oalcd. for c 10HI2. OSNY.: C, 44.78; H, 4.51 
Found: C, 44.75, 44.7; H, 4.89, 4.48 
0-14 Assay: (1) 0.308 mnc/mg.C. 
{2) 0.308 muc/mg.C. 
(3) N,N'-Dibenzoyl-1,3-Diaminopropane 
% Calcd •. for a l'7HIS. 02.N'2.: a, 72.32; H, 6.43 
~ound: C, 72.02; H, 6.69 
0-14 Assay: 0.004 muc/mg.C. 
The 0-14 assay values agree with the previous ones so closely that 
the calculations on pages 53 to 58 stand as given. In view of the fact 
I that two analyses of the N,N-dibenzoy~-1,3-diaminopropane give identical 
values (0.004 muc/mg.O.) it might be indicative of actual activity in the 
"3,4,5" fragment of dihydropyran. If this value is utilized the activity 
of one mole of the "3,4,5" fragment is 17 x 0.004 x F = o.o68F or 0.07 F 
when rounded off. 
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If the calculations on page 58 for the per cent activity at the 6-
position are used with the value 0.07 F substituted tor 0 the following 
values are arrived at: 
The per cent activity at the 6-position becomes 
(1) (53.7 + 1.7)% 
(2) (49·4 + 1.4)% 
The per cent activity at the 2-position remains 
{l) (45 ± 1.3 )% 
(2) {49 + 1.9 )% 
The per cent activity at the 3,4,5apositions as a group is givan by 
the following equation: 
.07 F ± 2.5% 
\} (2 .. 5)2. 
·• 
5.75 F±l.2% X 100!:. 1.2% ± + (1.2)'2. 
= 1.2% = 2.8% 
:: (.1.2 ± 0.3)% 
IV EXPERIMENTAL* 
The preparation of Oarboxyl-0-14 Furoic Acid describe~ below was done 
by Dr. Walter J. Gensler at Brookhaven National Laboratory during the'·sum-
mer of 1949.. · 
A. Preparation of Oarboxyl-0-14 Furoic Acid From Furan 
1~ Preparation of Eut~ithium 
The procedure follqwed in this preparation was that of Gilman. 53 
A 300 ml. 9 round-bottomed~ three-necked. standard tapered flask was 
fitted with a glycerine-sealed stirrer~ a condenser through which nitro-
gen was sweepi~ and a Y-tube with a thermometer and dropping funnel. 
In this flask was placed 3·9 g. (0.56 gram-atom) of freshly cut lithium 
(pressed through a. 2 mm. die and cut into pieces 1-2 em. long). One 
hundred and forty milliliters of ether was distilled from lithium alumi-
num hydride directly into the react ion flask. A few drops of butyl 
bromide were added, stirring was started and the flask was cooled in a 
dry ice-acetone bath. When the temperature inside the flask was -10°0. 
21.5 ml. (27 .5 g.; 0.20 mole) of butyl bromide (Eimer and Amend~ O.P. • 
dried four hours over silica gel and distilledp b.p. 101-102°0.) was 
added dropwise over a period of twenty-five minutes~ A positive nitrogen 
pressure over the butyl bromid~ in the dropping funnel was used to pre-
vent gases from bubbling up through t.he funnel. The mixture was stirred 
and cooled below -10°0. for an additional forty-two minutes and then 
* . Analysis of non-radioactive compounds were done by Dr. Oarol K. Fitz. 
All melting points were taken with a Bershberg melting point apparatus 
and are uncorrected unless otherwise indicated. 
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allowed to warm to room temperature. The stirr~r was removed and immedi-
ately replaced with a tube t~ough which nitrogen was sweeping. The con-
denser was removed and the neck stoppered. The Y-tube containing the 
thermometer and dropping funnel was removed and replaced with a filter 
adapter. This filter adapter was an ordinary bent adapter containing a 
plug of glass wool. The adapter was connected to a gra.duated 9 300. ml. 9 
' •• ' . ·' !-' ~ 
round-bottomed, three-necked flask fitted with a condenser through which 
nitrogen was sweeping9 The third neck of the receiver flask was plugged. 
The butyllithium solution was filtered through the glass wool into t.he 
graduated flask. The total volume of the solution was 1.36 ml. The 
of 
amount of butyllithium as determined by the double titration methodAGil.-
man and Haubein54 was 0~189 mole (94~). The total volume of butyllithium 
solution remaining in the flask after the titration was 108 ml. B,r means 
of a pipet. 35 ml. of the solution was withdrawn leaving 73 ml. (0.10 
mole) of ~utyl.lithium in the reaction flask. 
2. Preparation of Furyllithium from.Furan and Eutyllithium 
( . 
Into tl!e butyllithium solution was distilled 36 ml. (34 g.; 0.50 
. ;,1 .. 
mole) of furan* (DuPont El Ohem 655. dried for two days over Drierite 9 
filtered 9 distilled and finally redistilled from lithium aluminum 
bydride 9 b.p. 32°0.) and 30 ml. of ether (distilled directly from lithium 
aluminum hydride). The neck into which the furan was distilled was stop-
pared and the mixture was boiled several minutes to insure mixing and al-
lowed to stand at room temperature.with occasional boiling until used for 
the carbonation reaction. 
*we are indebted to the E9 .r. DuPont de Nemours Co. for donating the furan 
used in this experiment. 
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3~ The Reaction of Fupyllithium.with Carbon Dioxide-G-14 
The flask containing the furyllithium was transferred& under an 
atmosphere of nitrogenn to a vacuum manifold similar to the one describ-
ed by Oalvin. 111 The transfer was carried out in the following manner: 
With nitrogen sweeping into the top of the condenser the middle stopper 
of the flask was removed and replaced by a cork containing a nitrogen 
delivery tube. All of the nitrogen lines contained a T-tube with a 
mercurt bubbler. With nitrogen passing through the middle neck of the 
flask the condenser was removed. The nitrogen line was removed from 
the condenser and attached to the manifold. With a positive pressure 
of nitrogen over the furyllithium solution the flask was connected to 
the manifold. The nitrogen line in the middle neck of the flask was 
removed and replaced with a stopper. A carbon dioxide generator simi-
lar to the one illustrated by Oalvin94 containing two connecting com-
partments (for barium carbonate and sulfuric acid) was charged with 
20.00 g. (0.1015 mole) of "cold" barium carbonate» and O.OOlSO g. of 
Oak Ridge barium carbonate-C-14 and 50 ml. of concentrated sulfuric 
acid. The barium carbonate-C-14 had an activity of 2 millicurie/147 
mg. barium carbonate. The ~.go mg. sample had an activity of 24.4 
microcurie, hence 9 the total activity of the diluted barium carbonate 
was 0.00122 microcurie/mg. barium carbonate or 0.02 microcurie/mg. 
carbon. .A glass enclosed steel ball was added to the generator to mix 
the barium carbonate and sulfuric acid whenever desired. -The generator 
was connected to the manifold my means of a ball joint to allow control-
led mixing of the barium carbonate and sulfuric acid. 
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Yith the reaction flask, the carbon dioxide generator and a 500 ml. 
reservoir bulb attached~ but not connected (stopcocks closed) to the 
manifold, the line was evacuated to 0.018 mm. The entire system was 
. then evacuated as follows: The reservoir bulb was opened to the line, 
evacuated to 0,02 mm. and then closed. Next, the carbon dioxide gener-
ator was opened to the linea evacuated to 0,016 mm. and closed. Then 
the flask containing the furyllithium, wh~ch had been cooling for one-
half hour in a dry ice-acetone bath at -60 to -65°0. was opened to the 
line, evacuated and closed. Finally, the line was reevaouated to 
o. 014 mm. 
An induction stirrer (described in "Isotopic Oarbonn95) was attach-
ed to the reaction flask. The furyllithium solution was stirred vigor-
ously and the flask cooled in the dry ice-acetone mixture during the 
reaction. ·The generator was opened to the line and a small amount of 
sulfuric acid added to the barium carbonate. The reaction flask con-
taining the furyllithium was opened to the line and sulfuri6 aoia w~s 
added to the barium carbonate at such a rate that all was added in 
twenty minutes. The carbon dioxide was forced out of the generator by 
careful mixing of the sulfuric acid and barium carbonate, by rotating 
·the flask, st.irring with the steel ball using a magnet and finall:y by 
heating. After fifteen minutes the reaction flask was closed from the 
system and the reservoir bulb cooled for five minutes in liquid nitrogen, 
The carbon dioxide generator was closed and the reaction flask opened 
to the system. After five minutes the reaction flask was closed again. 
Twenty milliliters of water was added dropwise to the reaction mixture. 
At this point a dropping funnel was connected to the reaction flask 
for this purpose., The reaction flask was opened to the line and a solution 
of 5 ml. ~f concentrated sulfuric acid in 30 ml~ of water was added~ ~he 
cooling bath was removed from the reaction flask and the mixture was stir-
red for one hour. The reservoir bulb was cooled in liquid nitrogen again 
and the ether in the reaction mixture boiled for several minutes. sweeping 
all gases into the reservoir bulb., The reaction flask was removed from 
the vacuum line and stored overnight in the ice box. 
The material in the reaction flask was poured into a separatory fun-
nel. The lower aqueous layer was separated and extracted with ether in a 
continuous extractor (see fig. 2) for three hours. Finally', the aqueous 
layer was extracted three times with ether to bring the total volume of 
ether. extracts to 500 ml. of amber-red liquid~ The combined ether extracts 
were wash~d with two 10 mi.. portions of water. extracted in two portions 
with a solution of 13 g. of sodium hydroxide i~ 100 ml. of watero and 
finally with four 25 ml. portions of water to a pH of approximately six. 
The alkaline aqueous layer was washed once with 10 ml. of ether 9 cooled 9 
acidified with 14 ml. of concentrated sulfuric acid and extracted with 
five 50 rill., portions of ether., The combined amber colored ether extracts 
were washed with three 10 ml. portions of water and dried for one=balf 
hour over calcium sulfate. Activated silica gel was then added and the 
mixture allowed to stand overnight. The ether extract was treated with 
2 g. of Darco G-60 at room temperature for one and one-half hours and fil-
tered through a glass sintered funnel into a 500 ml., flask~ The solids 
on the funnel were washed thoroughly with ether. The almost water-white 
filtrate was boiled on a water bath at 50-60°0. to remove the etherQ The 
cream colored solid obtained af.ter the ether bad been removed was placed 
in a desiccator and dried for two days over phosphorus pentoxide. The 
yield of dried powder melting at 128-129°0. was 9.0 g. (8o% based on car-
bon dioxide). ~ neutralization equivalent on this furoic acid gave a 
valne of 113.2. The theoretical molecular weight is 112.08. 
Another preparation using the same amount of starting materials, the 
. 
same conditions and the same apparatus described above gave 9·5 g. (85%) 
of furoic acid melting at 128-13000. The neutral equivalent of this mater-
ial was 111.9 o 
The two batches of furoia acid were mixed and recrystallized by warm-
ing in 40 ml. of water with 0.4 g •. of Norit. The hot solution was filtered 
through a sintered glass funnel of medium pol"'sity and the solids on the 
fnnnel rinsed with hot wat.er. The filtrate was cooled in an ice box and 
the solid collecte~ on a sintered glass fnnnel of medium porosity. The 
solid was washed with cold water and dried overnight in a vacnum desiccator 
over phosphorus pentoxide. The recovery of material:tnelting at 129·5-131°0. 
was 14.5 g. 
. * E. Recrystallization of Oarboxrl-0-14 Furoio Acid 
The radioactive furoio acid was recrystallized in three separate 
batches as follows: Five grams of the radioactive furoio acid (m.p.l29·5-
13100.) was pnt into a 250 ml. Erlenmeyer flask and 200 mL redistilled 
*The remainder of the work described in this section was done in this labor-
atory by the author. 
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:Baker 9s C. P. 11Analy-zed 11 carbon tetrachloride added. The solution was 
boiled on a steam bath for approximately- fifteen minutes. After this time 
all of the solid except a small amount of insoluble yellow material bad 
dissolved. The hot solution was then filtered through a fluted filter into 
another 250 ml. -Erlenmeyer flask that was resting on a steam bath. The 
first flask was rinsed three times with 5 ml. portions of hot carbon tetra-
chloride which were allowed to filter into the flask resting on the steam 
bath. The vapors from the filtrate in the receiving flask dissolved the 
acid solidifying on the filter paper in the funnel. The filtrate was 
boiled down.to approximately- 100 ml. and allowed to stand at room tempera-
ture overnight •. The glistening white crystals were collected by suction 
filtration on a small :Buehner funnel and finally transferred to a vacuum 
desiccator and pumped for two hours on a water aspirator. The yield of 
furoio aeid was 4.56 g. Concentration of the filtrate gave 0.28 g. of the 
acid. .This 0 • .28 g. of recovered material was added to 4.7 g. of the aoid 
melting at 129.5-131°0. This seoond batch was recrystallized just as the 
preceding one. The yield was 4.75 g. Concentration of the mother liquid 
gave 0~10 g. of furoic acid. The remaining .crude radioactive furoic aoid 
(4.03 g.) plus the recovered ~terial from the previous recrystallization 
(0 .. 10 g.) was recrystallized just as described above. The yield of furoic 
acid was 3.96 g. The mother liquor yielded 0.07 g. of recovered furoio 
acid., 
The three separate batches of' the radioactive furoio acid were inti-
mately-mixed giving a total of 13.41 g. (92% recovery) melting at 133°0. 
(oorr.) (sharp). A mixed melting point of this material with authentic 
furoic acid (m.p. 132-133°0.) resulted in no depression in the melting 
point (132-133°0 •. ). The followi:ng values are reported in the literature 
for furoic acid: 132-133°0 .. 9 
96 133°0. & 9I v98 and 133-134°o.99 
C. Neutralization Equivalent of Carboxyl-C-14 Furoic Acid: 
The sample (0.1154 g.) was dissolved in 5 ml. of commercial absolute 
alcohol., This sample required 9 ·15 ml. of 0.1054 N sodium hydroxide to 
titrate it to a phenolphthalein end point. The neutral equivalent calcu-
lated from the above data is 112.3. The theoretical molecular weight of 
furoic aaid is 112. 08. 
]). Analysis of Carboxy~C-14 Furoic Acid * 
Galad. for 05~03 : Go 53.58; Ho 3.6 
Found: Co 53·73o 53.61o 53.8; Ho 3.50. 3.56 
C-14 Assay: (1) 4.03 millimicrocurie/mg. Carbon 
(2) 4.12 Millimicrocurie/mg. Carbon 
:E. Preparation of ;p-Nitrobenzyl Ester of Carboxyl-C-14 Furoic Aci!! 
The solution of sodium furoate from the neutral equivalent determina-
tion was used to make the p=nitrobenzyl ester. This solution c_ontained 
approximately 0.12 g .. (0 •. 0011 mole) of furoic acid. The solution was made 
just slightly acidia by adding a few crystals of the furoia aaid. The 
pink color of phenolphthalein disappeared. To a 50 ml. round-bottomed 
standard taper flask containing 0.,15 g •. (0.00061 mole) of p-nitrobenzyl 
bromide (Eastman Kodak white label 0 rearystallized twice from commercial 
absoluts ethanol and melting at 99 ·5-100.5. The reported melti:ng point 
• All analyses of radioactive compounds were done by the dry combustion 
method. 
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is 99-100°0. ) was added the solution of sodium furoate and 5 ml. of 
95% etbs..nol~ . The total volume was approximately 25 mlo A condenser was-
attached and the solution was refluxed for approximately one hour after 
all of the solid material had dissolved. The re~ction mixture was then 
poured into a 50 ml. beaker and allowed to cool to room temperature. 
After twenty minutes the solid was collected by suction filtration. The 
filtrate was allowed to remain in the ice=box overnight. The additional 
solid was collected by suction filtration and added to the first solid. 
The materialv without weighingo was recrystallized from 4 ml. 95% ethanol 
by boiling on a steam bath until the solution was clear and filtering the 
hot solution through a fluted filtero allowing it to cool by standing at 
room temperature for several hours and collecting the solid by suction 
filtration. A second recrystallization from 2 ml. 95% ethanol was done 
just as described above. A spill of the material occur_red causing consi= 
derable loss. The pale yellow ester was dried at reduced pressure over 
phosphorus pentoxide for two and one-half hours in an Abderhalden drying 
apparatus at the boiling point of chloroform (60°0). The yield was 0.011 
0 g. (7~) of material melting at 134-134·5 c. The reported melting point 
0 101 
of the p-nitrobenzyl ester of furoic acid is 133·5 0. 
F., Anal:rsis of p=Hitrobenz:rl Furoate 
Oalcd. for C12Hg05N~ On 58.30. Found: Co 58.24v 58.35 
0=14 Assay: 1.77 millimicrocurie/mg. Carbon 
G. Decarboxylation of Carboxyl-C-14 Furoic Acid 
The apparatus used for this decarboxylation is shown in Fig. 1 page'~. 
Figure ~~ Furoic Acid Decarboxylation Apparatus 
(Scale: 3 mm.. = J. em. ) 
A- 10 ~. reaction flask 
B- First receiver 
C- Second receiver 
D- Dewar flasks for receivers 
E- Carbon dioxide trap ( 125 ml.. suction flask) 
F- Ascarite tube 
To a mixture of 0.35 g. (0.0031 mole) of radioactive furoio aoid and 
0~35 g. (0.0055 mole) of copper powder (J. T. Baker Co.) in the reaction 
flask was added 4 ml. of fresh~ distilled quinoline (Matheson Co. 0 B.p. 
72-74°0. (6 mm .. ). The complete apparatus except the reaotion flask was 
oonneoted and flushed with nitrogen whioh bad been passed through towers 
of sulfurio aoido sodium hydroxide pellets and final~ Drierite. Exaot~ 
25.00 ml. of saturated barium hydroxide solution was pipetted into 'the 
125 ml. flask used for the absorption of carbon dioxide. ~he glass deliv-
ery tube was adjusted so that the tip was just below the surface of the 
barium hydroxide solution.. The reaction flask containing the furoic acid 0 
copper powder and quinoline was connected to the remainder of the appara-
tus. The first trap was cooled in a Dewar flask containing dry ice and 
acetone. The second trap was cooled in another Dewar containing a salt-
ice bath.. A tube of Ascarit$ was placed on the side arm of' the flask 
~ 
co·ntaining the bari1,1m hydroxide to prevent atmospheric carbon dioxide from 
entering the system. The reaction flask was heated in a Wood 0s Metal bath 
Vigorous boiling began at 170°0. The heating was continued and the temper-
ature of the bath went up slow~ until the boiling point of quinoline 
(23S00.) was reached. T~~ quinoline was allowed to reflux in the neck of 
the reaction flask for se~eral minutes. Care was taken to avoid any dis-
tillation of the quinoline over into the receiving traps. The reaction 
flask was. disconnected a~d the remainder of' the apparatus was immediate~ 
flushed for fifteen minutes w~th nitrogen. The rubber tube from the nitro-
ge~ source was placed around the joint at the point of disconnection. The 
two traps were disconnected as a single unit from the remainder of the 
---- ·-·-·-----
' 
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appara t us . The fi r st r ece h·ing t rap was st oppered and the c oo ~ing baths 
removed f r om .the t wo t raps . The dr y i ce- acetone bath was then used to 
cool the second trap and the f i rst one was a llowed to warm up to room temp-
erat ur e. The fur an i n the fi~st trap then slowly distilled i nt o the second 
trap. A Drierite t ube placed on the side=ar~ of t he second t r ap pr otected 
t he system from moistur e . 
While the fu r an was distilling ~he solut i on cont a i ni ng t he bar ium 
car bonat e "jlfas ti t r a t ed with 0. 1353 N h,ydroc:hlor ic a cid t o a color le ss solu~ 
tion with phenolphthalein. The barium carbona~e was collected as r api d l y 
as possible by s uction filt ration and dried i n a vacuum des iccator fo r two 
days . A f r esh sample of 25 .00 ml . of t he sa t urated barium ~ydroxide solu-
t i on was als o titra t ed wit h t he 0. 1353 N hydrochloric acid. I t requ i red 
4~ . 9 1 ml . of the s t andard hydrochloric a cid to tit rat e t he excess b~rium 
hydroxide· r ema i ning aft e r· the barium carbonat e pr ec i pita tion. The fresh 
' . .. 
barium hydroxi de so l ution requi~ed 79.20 ml . of hydrochloric: acid. Ca l cu-
lations s how that 0 . 00198 mole of' barium hydroxide was used up i n r eacting 
wit h t he c:a~b on diox i de f ormed f r om t he decar boxyl ation. There should be 
obtai ned 0.00198 X 197.37 or 0.382 g . (65~ ) of barium car bonat e . The 
ac tua l yield of dri ed barium ca rb onate wa s 0.362 g. (61%) . 
H. .Pr e_;earation of }. 6=Endo:xy:=1. 2 ~ 3 • 6~te tra!'Jydr opht halic Anh.y:dride 
from Fur an and Ma leic Angydride 
The f'u r an was comp letely distilled i nto t 'he .second t rap by placing a 
t eat t uba of war m water a round t he first trap . Thr ee millilit ers of ether 
(Baker 0s C.P. Analyzed) was p laced i nto t he fi rst t rap. The ethe r was 
t hen distilled i nto the second trap using the t es t tube of war m wat e r as 
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.described above . Then 0 . 25 g. (0. 0026 mole) of ma l e ic an~ydride (Eastman 
Kodak, white label,, recrystallized from ehloroform, m.p. 54=55°0 . ) was 
added to the so l ution of furan in ether . The r ece iving trap was stoppered 
and shake n unti l all of t he ma leic an~ydride had diss olved . The solution 
was a llowed to stand for t wo day s a t room t emperature. The har d white 
crystals were collected by 11iuction filtra tion , ·washed eight time s with 
2~3 ml. port i ons of ether a nd dri.ed f or one hour in a va c:uum des iccator . 
The yield of adduct melting at 124~ 125°0. (de c: . ) was 0.34 g. (68%, based 
on furoic: acid ) . 58 The r epor t ed me l ting point is 125° (de c . ) . 
Cal~d . for CsR6~~ C, 57 . 83 o H, 3 . 64 
Found : C, 58. 26,, 58. 19 o H, 3 .72 ,. 3 .71 
0=14 Assay : No G=14 detec:·table eit her in the powder or i n the barium 
c:a:r.boMte combus ·t;i on der i vative . 
J . Conversion of Ca:r.boxyl=C~ ·4 ~~:r.oic Acid to Te~rahydrofurfg~yl Alcoho ~ 
1. Th~ Reduction of Furp~ ~cid wit h Lit hi um Aluml!_!9.m _Hydri@ 
6? The p rocedure followed was similar to t hat of Nystrom and .Brown . ~ 
To 100 ml. of s odium dried ether i n a 250 ml. . round~bottomed , standar d 
taper" t hree=necked fla sk fitted wit h a me rcury=sea l ed Hers hbe r g stirrer 
and a Friedrich condenser was added 2.3 g. ( 0. 06 1 mo l e ) of lit hi um alumi num 
hydri de (Meta l Hydride·s ) . A ground glass standard t aper stopper was placed 
in the open neck of t he flask and the mixture was s tirred f or t en minute s . 
Du.ring t his time 5. 6 g. ( 0 . (50 mo le) of carboxyl--0~14 f uroic a cid was added 
to a 60 ml . dropping f u nnel. The funnel was attached to the third ne c k of 
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the reaction f lask. Twenty=fi've milli li te:r·s of wa r m s od ium dried e t her 
was added to t he furoic a cid i n t he dropping funne l . Mos t of t he furo i c 
acid i mmed iately dis s o l ved. The solution wa s added d r opwise a t such a 
r a te a s t o ca use t he e t her to r eflux gently . The s tirring was cont i nued 
during the a ddi tion of t he e t he r solution of t he ac id . Two more 25 ml. 
portio·ns of wa!"'Il et her were a dded . The fir s t portion d iss olved t he r e= 
maining f uroic; a cid and t he se cond por t i on was used to rins e t he d r opping 
f u nnel . The c omple t e add ition of the a c id and t he e t her r equired fift een 
minutes . When t he addition was comp l e t e t he mixture was r e flllxed on a 
steam bath wi t h st irring for one hour . The m:i.:xtur e was allowed to c:ool 
to room t emper atu r e. A solution c ont a i ning 4 g . (0. 1 mo le ) of s od i llm 
hyd rox i de i n 30 ml. of wat er was added d r op·wise to de compose t he exce ss 
lithium a l llminum hydride . It wa s not necessa r y to cool the r eaction fla sk 
during t he addi tion of t he sod i um hyd roxi de. The r eaction s t opped ( no 
bubb ling or f oaming) before a ll t he s od i um hyd r oxi de was added . i ndicating 
that all of the lithi um a l um:l.num hydrid e had been c omp l e t e ly decompo sed. 
The st i rring was st opped and t he appar a t us d is c onne cted. Al l of t he liqll i d 
from t he r eaction mi x t ur e was pour ed i nto a 250 ml . s epar a tory f u nne l . 
The white s o lid r es i due remai n i ng i n t he r eact i on flas k was s haken three 
t ime s with 10 ml . portions of o t her . The e t her washi ngs we r e added to 
the mai n e t her s o l ution :i.n t he s epar a t or y f u nne l. Aft e r stand i ng fo r 
se ve r a l mi nut e s the bott om aque ous laye r was allowed ·to dra i n back i nto 
t he r eaction flask. The ether l a yer was ·was hed with 10 ml. port i ons of 
wa ter until t he washi ngs wer e neutra l to pR paper . This reqllired appr ox·-· 
i mat e l y 40 ml . of water . These wa s hings we r e a lso p lac ed i nto t he r eaction 
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Figure 2: Continuous Ether Extraction Apparatus 
{Scale: 10 mm. = 6 em.) 
A- Spiral condenser 
B- Flask. tor Jlqlleous ~ayer 
C- G2aas tube· aLlowing. ether to pass through 
aqueous . J.ayer 
U- Flask for ether 
E- Heating unit (mantle and powerstat) 
flask. The reaction flask was connected to a continuous extraction appar-
atus (fig. 2 9 page 73) and the contents were extracted with ether for five 
and one-half hours. The ether extract from the continuous extraction was 
poured into a 250 ml. separatory funnel and washed with 10 ml. portions 
of water as before until the washings were neutral to pR paper. Appro:x= 
imate~ 40 ml. of water were also required here. The combined ether 
extracts were poured into a 500 ml. Erlenmeyer flask and dried with 35 g. 
of anhydrous ~gnesiu~ sulfate while standing overnight in the ice-box. 
The ether was removed by distillation on a steam bath in the follow-
ing manner. A 50 ml. standard taper 9 round-bottomed flask was fitted 
with a Claisen head which in turn was.fitted with a 250 ml. dropping fun-
nel. The Claisen head was connected to a Friedrich condenser which in 
turn was connected to a one liter receiving flask by means of straight 
adapter. The J:>eceiving flask was cooled in an ice bath. The ether was 
then removed by flash distillation by allowing the ether solution to drop 
into the flask fJ:>om the dropping funnel at about the same rate that the 
ether distilled. When all of the ether solution had been added and the 
volume of the residue remaining in the pot was approximate~ 15 ml. the 
distillation was stopped. No attempt was made to isolate or pu~i:f'r the 
furfuryl alcohol. 
2. Reduction of Radioactive Furfuryl Alcohol with Raney Nickel 
"The procedure followed was essential~ that of Ril~. 67 
The pale yellow liquid was poured into the 100 ml .. glass liner for 
the high pressure hydrogenation apparatus. The flask was rinsed three 
times with 5 ml. portions of ether. These ether washings were added to 
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the liquid in the glass liner~ A small clay boiling chip was added to 
the solution in the liner and the ether removed by boiling on a steam 
bath unt~l the volume of the solution was appro:x:imate4r 5 mL. A teaspoon-
ful of Baney nickel was added to the solution in the glass liner and was 
washed from ~he sides with approximate~ 2 ml. of. methanol (Baker 0s Analyz-
ed C. P. Reagent)~ The Baney nickel catalyst was prepared in this labora-
tory by Aaron L. Bluhm from Central Scientific Co. powder according to 
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the procedure of Covert and Adkins. The liner was placed into the 
steel bomb which was placed into position in the high pressure bydrogena-
tor. The hydrogenator was an American Instrument apparatus 0 Model No. 406. 
The furfur,yl alcohol was hydrogenated for approximate~ one hour at 50°C~ 
The data chart for the hydrogenation is given below. 
~ Pressure ~lbs.j_ Te!!!I:!• oc. Variac ~Volts} 
1:55 PM 1370 14 80 Shaker on 
1:57 1360 16 llt 
1:59 1350 19 It 
2:01 1360 25 " 2:03 1360 31 ft 
2:05 1360 36 " 2:06 1360 40 20 
2:08 1360 47 II 
2:10 1360 50 & 
2:15 1350 52 li 
2:20 1350 52 
" 2:25 1350 52 II 
2:30 1350 51 30 
2:35 1350 50 40 
2:40 1350 51 li 
2:45 1360 53 30 
2:50 1370 54 20 
2:55 1370 54 0 (heat off) 
3:00 1370 54 
3:15 PM 1360 50 
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Figure 3: Vacuum Jacketed, One Piece Distilling Apparatus 
(Scale: 4 mm. = 1 em.) 
A- 20 mle pot 
B- Side arm 
c- Vacuum jacket 
D- Thermometer well 
E- Condenser 
F- Drip tip 
The shaking was continued until 7:25 PM at which time the pressure 
. 0 
was 1270 pounds and the temperature was 21 Co The shaker was stopped and 
the outlet valve slight~ cracked to allow the hydrogen to bleed out over-
night~ 
The glass liner was removed from the bomb and the Raney nickel re-
moved by filtration of the solution through a glas.s sintered :Buchner fun-
nel of medium porosity. The liner was rinsed thorough~ with metby'l 
alcohol. Approximately 30 ml. in 5 ml. portions was used. The catalyst 
on the funnel was rinsed.with 5. ml. of methyl alcohol and pumped dry on 
a water aspirator. When the nickel catalyst began to spark the suction 
was stopped and the funnel dumped into a large beaker containing dilute 
hydrochloric acid. This destroyed the excess Raney nickel. The clear 
water-white solution was transferred to a small 20 ml. vacuum Jacketed 
dist.illing apparatus (Fig. 3o page 76) with a medicine dropper. The meth;rl 
alcohol was removed by heating on a steam bath. When the volume had de- · 
creased to 4 or 5 ml. some mora of the solution was added with the medicine 
dropper through the side arm on the pot. This procedure was continued un-
til all material boiling below 70°0. had been removed and the liquid in the 
pot was mainly tetrahydrofurfuryl alcohol. The one piece apparatus was 
fitted with an adapter and a fraction cutter. The product was distilled 
at reduced pressure using ~ mechanical pwmp and a steam bath as the source 
of heat. A small fore-run of several drops was obtained. This was die-
carded at the end of the distillation. The receiver in whioh the main run 
was collected was cooled in an ioe-water bath. The yield of water-white 
tetrahydrofurfuryl alcohol boiling at 78-79°0. (18 mm.) was 3·94 g. (77.3%, 
based on furoic acid). The boiling points reported in the literature for 
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tetranydrofurfuryl'alcohol are 80=82°0. (20 mm.)65 and 72=73°0. (15 mm.) 103 
Eastman Kodak Practical tetrahydrofurfuryl alcohol distilled in this labora-
tory using a one piece 16 em. Vigreau column gave a boiling point of 77°0. 
(15 mm .. ). 
· K. A~ysis of Badioactive Tatrah.ydrofurfur,yl Alcohol 
C-14 Assay: (1) 4.01 millimicrocurie/mg. Carbon 
(2) 4.02 millimicrocurie/mg. Carbon 
(3) 4.09 millimicrocurie/mg~ Carbon 
L. The Rearraagement of ~dioactive Tetrah.ydrofurfuryl Alcohol to 
Dih,ydrowran 
The apparatus used for this reaction is shown in fig. 4~ page so. 
71 The procedure followed was similar to that of Sawyer and Andrue. 
The pyrolysis tube. which was 3/8 inch in diameter. was filled to a 
length of 23 inches with Alcoa Activated. grade F=l. 8=14 mesh alumina 
which was held in place by a glass wool plug resting on a glass grid. 
This pyro~sis ~ube was then placed into position in the furnace. The 
dropping funnel 0 which bad a pressure equalizing side=arm and an inlet 
for nitrogen. was attached to the pyro~sis tube. The furnace was heated 
at approximately 100°0. (variac reading 22 volts) for nine hours. A stream 
of nitrogen. which was dried by passing through towers of sulfuric acido 
sodium hydroxide pellets and Drierite in that order~ was swept through the 
tube at the rate of one bubble per second for fifteen minutes prior to the 
addition of dihydropyran. Dihydropyran (Du Pont El Ohem 880. distilled 
from calcium hydride. b.p. 86=86.5°0.) was added dropwise at the rate of 
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one drop every two to three seoond.s. A total of 125 ml. 9f d:l.bydropyran 
was used to pretreat t~ alumina. ~he dibydropyran was received in a 
graduate cylinder plaoed at the end of the pyrolysis tube. When all of 
the dibydropyran bad been added the temperature of the furnace was raised 
to a m.aximm of 366°0. near the center of the furnace and a minimum of 
233°0. at the ends by increasing the voltage on the variac to 49. The 
average temperature from several inches from the ends .of the tube to the 
* center was 340°0. ~he furnace was allowed to remain at this temperature 
overnight with a very slow stream of nitrogen (one bubble per sixteen 
• 
seconds) passing through the pyrolysis tube. 
Approximately 14 ml. of 11 cold 11 tetrabydrofurfuryl alcohol (Eastman 
Kodak Practicalo distilled from an approximately one foot Vigreauxoolumn, 
b.p. 77°0~ (15 mm.) was placed into the addition funnel. ~he nitrogen 
flow was increased to one bubble per second and the alcohol was added at 
the rate of one drop per six seconds. Thirty-three minutes was required 
to add the alcohol. ~he pyrolysis tube was swept for two hours with 
nitrogen using the same rate of flow as was used during the addition of 
the "cold 11 tetrabydrofurfuryl alcohol. Two grams of anhydrous J3alteru s 
Analyzed potassium carbonate was added to the first receiver. Eoth re-
ceivers were connected to the pyrolysis tube as shown in fig. 4o page eo. 
~he receivers were cooled to -70 to -80°0. by placing them into Dewar 
flasks containing dry ice and acetone. With the rate of flow of nitrogen 
• See Beview of the Experimentalo page 35 for description of temperature 
measurements. 
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F~e 4: Electrically Heated Furnace and Apparatus For Tet~abydro­
furfuryl Alcohol Rearrangement 
( Scale: 5 ~. : 3.2 em. ) 
A- 30 ml. addition funnel 
B- Side arm for nitrogen 
c- Furnace in operating position 
D- Furnace open 
E- Pyrolysis tube with alumina 
F- First receiver (bulb volume: 25 ml. ) 
G- Second receiver (spiral; volume; 25 ml. ) 
H- Dewar flasks for r~ceivers 
I - Drierite tube 
still a t appr oximat ely one bubb l e per se cond the r adi oactiv·e tetrahydro-
fu rfuryl a l cohol was added i n the fo l lowing manner . A p i pe t was used to 
transfe r 3 . 81 g. of r ad ioactive tetrahydrof urfuryl alcoho l to the addition 
funnel . The a lc ohol wa s t hen allowed to dr op i nt o the pyrolysis tube a t a 
rat e of one drop eve r y six se conds . When a ll but a fe111 drops of t he a l co-
hol had been added 2 . 00 ml. of "cold" tetrahydrofurfuryl a lcohol [Eastman 
Kodak Practical . r ed:i. stilled , b. p . 77°0 . (15 mm. )) was added t o t he drop.-
p i ng funnel by means of a p i pet . When nearly a l l of this had dropped into 
t he tube anothe r 2.00 ml. por tion was added. Thi s pr oce ss was r epeat ed 
once more and finally 0.50 ml . was added. A tot al of 6.50 ml . (6 .76 g . ) 
of "co l d 11 alcohol wa s added. The tot a l amount of tetrahydrofurfuryl alco-
hol used i n t he reaction was 10.57 g. ( 0. 104 mo le) . When a ll of t he a lco-
ho l had been added the heat i ng and sweeping with ni trogen wer e continued 
f or an hour and twenty mi nut es. The f irst trap was r emoved fr om t he 
appar atus. stopper ed with corks and a llowed t o warm up to 0°0 . i n an ice-
water bath. The second receive r cont a ined no liqu i d. Afte r thirty min-
utes two distinct layers we r e observed in the f irst r ece iv·er . The green 
organic upper layer was s eparated from the lower aqueous l ayer with a 
small p i pet . The green mat eri al was t r ansfe r red from the r eceiver direct-
ly to t he small one pi ece distilling appar atus s hown i n fig . 3 , page 7(:. . 
The pot of the dist illing appar atus was cooled in an ice- wate r bath during 
t he transfer of t he i mpure d ihydr opyran . The re ce iver was rinsed with 
0.50 ml. (0.45 g.) of d i hydropyran ( obt a ined from the same s ource as the 
material used to pr et r eat the a lumina) and added to the main portion in 
the d i st i lli ng appar atus. An a llowance was made for this rinse mate rial 
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Figure 5: Dihydropyran Distilling Unit 
(Scal e : 10 mm. = 3.5 em.) 
- One piece, vacuum jacketed distilling unit 
(see figure 3) 
B- Bent adapter 
c- 10 ml~ modified Claisen distilling unit 
D- Condenser 
E- Adapter 
F· Fraction cutter and flasks 
in calculating the yield of the final product. The distilling unit was 
then connected to another 15 ml. one piece distilling unit by means of a 
s~ll bent adapter as illustrated in fig. 5o page 6~. The impure dihydro-
pyran was distilled at atmospheric pressure using an electrical~ heated 
oil bath as the source of heat. The receiver (the second ~istilling unit) 
was kept at a temperature between =70° and -80°0. by placing it in a Dewar 
flask containing a dry ice=acetone mixture. All of the liquid was observ-
ed to distill between 65° and 86°0. at a bath temperature o.f 98-125°0. A 
small amount of greenish-brown residue remained in the pot. The 15 ml.one 
piece distilling unito contaiuing the wet dibydropyran was placed in an 
ice-water bath and the dibydropyran dried for two hours with eight to ten 
small granules (30-40 mg.) of lithium aluminum hydride (Metal HYdrides). 
During the drying atmospheric moisture was kept out by attaching a Drierite 
tube to the open end of the distilling unit. An adapteru fraction cutter 
and receiving flaskso all with ground gla.ss jointso were connected to the 
di-stilling unit (see fig. 5o page 81 ). The distillation pot was heated 
with an electrically heated oil bath. The receiving flasks were cooled in 
an ice-water bath. The product was distilled at atmospheric pressure and 
the following fractions were collected: 
(1) B.p. 70=83.5°0. at bath temperature 110-115°0.; 0.95 go 
(2) B.p. 83·5=84°0. at bath temperature 115=125°C. ~ 5.52 g. (63%L 
~1 = 1.4399· 
The main producto fraction (2)o was accepted as the pur~ material. 
The following values have been reported in the literature for the boiling 
71 72 lo4 point of dihydropyran: 84-86°o.o 85~86°0o and 86-87°0. The reported 
value of the index of refraction is N;9 1.4402. 105 
Du Font El Chem 880 diby'dropyran distilled in this laboratory using 
a one foot modified Claisen colrumn had a boiling point of 86-86.5°0. and 
an index of refraction of ~l 1.4416. 
M.. Anal.ysis of Dih.ydropyran 
Calcd. for C5Hs0: c. 71.399 Ho 9·58. Found: Co 70.7; Ho 10.0. 
C-14 Assay: 1.17 millimicrocurie/mg. Carbon. 
N. llydrolysis of Dih.ydropyran to delta=H.ydrox;vvaleraldeh.yde and Prepar-
ation of the 2L4=Dinitrophenrlh.ydrazone Derivative 
To 0.11 ml. (0.0012 mole) of radioactive di~vdropyran in a 25 ml. 
Erlenmeyer flask was added 1 ml. of water and one drop of concentrated 
hydrochloric acid. The flask was tightly stoppered with a cork and the 
mixture was shaken until homogeneous. This required approximate~ fifteen 
minutes. The solution was then allowed to stand at room temperature for 
five hours. 
A fresh~ prepared solution of 294-dinitrophenylhydrazine was added 
to the delta-hydroxyvaleraldebyde solution in the following manner: In a 
25 ml .. Erlenmeyer flask was placed 0.30 g. (0.0016 mole) of 2v4=dinitro-
phenylhydrazine [Eastman Kodak white label; m.p. 197·5 .... 198.5°0. (dec. )Jo 
2.5 ml. of watero 1.5, ml. of concentrated aulfurio acid and 8.0 ml. of 
commercial absolute ethanol. This solution was immediate~ added to the 
delta=bydroxyvaleraldehyde solution. A small amount of solid formed. The 
solution was warmed on a steam bath until all of the solid had dissolved .. 
The flask was stoppered and the solution allowed to remain overnight at 
room temperature. 
The flask containing yellow needles of the 2 0 4-dinitrophenylbydrazone 
was cooled in an ice bath for thirty minutes and the crystals were collect-
ed on a small Buchner funnel by suction filtration. The product was washed 
with five-2 ml. portions of distilled water and pumped on the water aspira-
tor for thirty minutes~ The yellow solid was dried for three days in a 
vacuum desiccator over calcium chloride. The yield of product melting at 
107.5-108°0. was 0.34 g. (10~). The derivative was recrystallized from 
approximately 2 ml. of 95% ethanol by dissolving it in 5 ml. of boiling 
alcohol and allowing the alcohol to evaporate to 2 ml. by boiling. The 
solution was allowed to stand at room ~emperature for eight hours and 
finally cooled in an ice bath for thirty minutes. The crystals were col-
lected as before and dried for twenty-eight hours in a vacuum desiccator. 
The yield of yellow cry~tals melting at 108-108.5°0. was 0.32 g. (96%). 
A final recrystallization was carried out b1 dissolving the 2o4-dinitro-
phenylbydrazone in approximately 5 ml. of hot 95% ethanol0 and filtering 
the hot solution through fluted filter paper. The filtrate was boiled 
do~n to approximately 2 ml. and cooled for thirty minutes in an ice bath. 
The bright yelAOM crystals were collected on a small Buchner funnel by 
suction filtration and dried for fifteen hours in a vacuum desiccator 
over calcium chloride. The yield of delta-hydroxyvaleraldehyde=2.4-dinitro-
phenylhydrazone melting at 109·5-110°C. was 0.25 g. (74%). The melting 
points reported in the literature for this compound are 109°C. and 112-
ll30c.75 Seven hundredths {0.07) of a gram of impure material. melting 
at 1o6.5-107.5°c. was isolated on evaporation of the mother liquors. A 
sample weighing approximate~ 75 mgo to be used for ana~sis was dried for 
one and one-half hours over phosphorus pentoxide at the boiling point of 
acetone in an Abderhalden drying apparatus. 
O~ Analysis of delta=gvdroxxyaleraldehyde=2.4=Dinitrophenylhydrazone 
Calcd~ for C11H1"05N~: Co 46.8lo H. 5.00. Found: Co 46.8; Ho 5.0. 
C=l4 Assay: 0.516 millimicrocurie/m~. Carbon. 
P. The OzonoLysis of Badioactive Dihydropyran 
* The ozonizer was standardized in order that the amount of ozone pro-
duced in a given time would be known. This was done by passing the ozone 
into a five per cent solution of potassium iodide. The ozone oxidizes 
the iodide to iodine and the iodine is titrated with standard sodium thio-
sulfate solution. The amount of ozone in the oxygen~ozone mixture can then 
be calculated. In this case tbe ozone was allowed to pass into the potas-
sium iodide solution exactly five minutes (stopwatch). The ozonizer was 
run at 12 0 000 volts (90 volts on variac) for five hours before being cali-
brated. The reaction with dihydropyran was done immediately after the 
calibration. The data for the calibration a-re given below in the table. 
Flowmeter Time ml. 0.0992 N mi llieq ui v. millimoles millimoles 
.,{mm. of~.) tmin.) thiosulfate of Iodine of 03 /5. min. of o,/hour 
5 5 36.04 3·575 1. 788 21.46 (one hour later) 
5 5 (ten minutes later) 
35.10 3.482 1. 741 20.89 
5 5 35ol0 3.482 1.741 20.89 
To 40 ml. of methylene chloride {Mathesono dried over phosphorus pent= 
oxide for three hours and distilled from calcium hydride 0 b.p. 42.5°C.) in 
the ozonolysis tube was added 0.91 ml. (0.84 g.9 0.010 mole) of radioactive 
dihydropyran by means of 1 ml. graduated pipet. Ozone was passed into the 
*The ozon!~r was built according to the directions of Smith. Greenwood and 
Hudrlik. 
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met~lene chloride solution of dibydropyran for twenty-nine minutes. ~he 
reaction appeared to be over after twenty~seven minutes as indicated by 
the formation of the red color of free iodine in the potassium iodide soln-
tion. The oxygen=ozone mixture was passed through the potassium iodide 
solution after it had passed through the reaction mixture9 ~he calibration 
showed that the ozonizer was producing approximately 20.9 millimoles of 
ozone per hour. Thereforeg the theoretical time for the reaction to go 
to completion is twenty=eight and seven-tenths minutes. During the entire 
ozonolysis of the dihydropyran the reaction tube was cooled between -10 
and =5°0. by means of an ice=salt bath. 
At the end of the reaetion'the reaction tube was disconnected from 
the ozonizer. A cork stopper fitted with two pieces of glass tubing 
(bent in such a manner as to allow nitrogen to enter one and a condenser 
for downward distillation to fit the other) was attached to the reaction 
tube. This unit was connected to a condenser 9 an adapter and a receiving 
flask. The methylene chloride was removed by blowing a stream of nitro= 
gen9 previous~ passed through towers of sulfuric acidg sodium hydroxide 
pellets and Drierite in that ordero over the surface of the solution. 
The reaction tube was kept at a temperature no higher than 2500. by plac-
ing it in a large stainless steel beaker containing water at 25°Co The 
distillation with nitrogen was continued for one=half hour after the level 
of the material in the reaction tube no longer decreased9 The material 
collected in the receiving flasko which was cooled in dry ice-acetone dur-
ing the distillation 9 was discarded. The tube containing the oi~ residual 
ozonide was removed from the water bath and 3.7 g. (0.050 mole) of zinc 
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dust (Mallinckrodt) and 10 ml. of distilled water were immediately added. 
The mixture was stirred overnight at room temperature. A condenser was 
then attached to the tube and the mixture was heated on a steam bath for 
two hours. The solid material was removed by filtering the warm solution 
through a glass sintered funnel of medium porosity with gentle suction 
from a water pump. The filtrate was caught directly in a 100 ml. round-
bottomed standard taper flask by utilization of a bell jar. The flask 
was then connected to the continuous extraction apparatus shown in fig. 2 0 
page 7 .5o and extracted with approximately 300 ml. of ether for forty-
eight hours. 
Q. Isolation of Radioactive Zinc Formate Di~ydrate 
The flask containing the aqueous solution which had been extracted 
with ether was removed from the continuous extractor. A small amount of 
white solid was noticed in the solution. The aqueous solution was evapor~ 
ated by heating the flask on a steam bath while a stream of nitrogen was 
blown over the surface of the liquid. When the volume of the contents of 
the flask was down to approximately 15 ml. the warm solutiono containing 
a small amount of white solid assumed to be zinc oxide 0 was filtered 
through a fluted filter paper into a 25 ml. Erlenmeyer flask. The first 
flask was rinsed several times with a few milliliters of warm water which 
was filtered through the same filter paper into the main filtrate. The 
solution was heated on a steam bath and the evaporation continued with a 
nitrogen stream blowing gently over the surface of the liquid. When the 
volume of the solution was down to 2 to 3 ml. the clear solution was re-
moved from the steam bath and 20 ml. of commercial absolute ethanol was 
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added. A white solid formed immediately. The flask was cooled in an ice-
box for eight d~s at -10°0. The white crystalline solid was collected by 
su~tion filtrationo washed with absolute alcohol and air dried at room 
temperature for two days. The yield of zinc formate dihydrate was 0.60 g. 
(63%) 0 
R. Analvsis of Zinc Formate Dih.Y.d.rate 
Oalcd. for 02 H6 06Zn: o. 12.55; H. 3.16; Ash (ZnO). 42.5 
Found: Co 13.21; Ho 3·37 (Brookhaven) 
Found: o. 12.8; H0 3·39 Asho 42.3 (Carol Fitz) 
0=14 Assay: 2.59 millimicrocurie/mg. Carbon 
s. Isolation of gamma-Ry4roxrbut~~~ldehyde as the 2 94=Dinitrophenyl-
.hydrazone 
The flask containing the ether extract was removed from the continuous 
extraction apparatus. The ether was removed from the flask in the follow-
ing manner: A Claisen head was placed on the flask. A take=off to a 
water pump was connected to the Claisen head. A wooden splint was added 
to the flask and gentle suction applied. The flask was warmed occasionally 
on a steam bath to keep the temperature of the evaporating solution at 
approximately room temperature. When the volume of the ether solution was 
approximately 100 ml. it was transferred to a 125 ml. Erlenmeyer flask. 
This flask was connected to the Claisen head and the evaporating of the 
ether continued just as before. The distillation was stopped when no more 
boiling was observed in the flask. Twenty milliliters of 95~ ethanol was 
added to the pale yellow residual oil. To this solution was added a fresh-
ly prepared solution of 1.2 g .. (0.0061 mole) of 2.4=dinitrophenylhydrazine 
[Eastman Kodak white label.m.p. 197 ·5=198.5°0. (dec.)]. 6 ml. of concentrated 
sulfuric acido 9 ml. of water and 30 ml. of 95% ethanol. The clear solu= 
tion was warmed for several minutes on a steam bath and allowed to stand 
in an icebox for ten hours~ The yellow solid was collected on a small 
Buchner funnel by suctio~ filtration 0 washed with approximate~ 25 ml. of 
water in 5 ml. portions and dried for eight hours in a vacuum desiccator 
over calcium. chloride. The yield of the 2 0 4=dinitrophenylbydrazone melt= 
ing at111.5~112.5°C. was o.g9 g. (54% based on 2 04=dinitrophenylbydrazine 
reagent and 33% based on dihydropyran). The yellow product was recrystal-
lized by boiling in 15 ml. 95% ethanol and filtering the hot solution 
through a fluted filter paper to remove some insoluble material. The 
filtrate was boiled down to approximately 6 ml. and allowed to stand at 
r6om temperature for two hours. Finallyp it was cooled in an icebox at 
=10°0. for forty=five minutes. The yellow solid was collected by suction 
filtration and dried in a vacuum desiccator over calcium chloride for 
forty-five hours. 
li6°c. was 0.77 g. 
The yield of yellow crystalline solid melting at 115= 
A final recrystallization was carried out by dissolv= 
ing the yellow solid in 5 ml •. of boiling 95% ethanolo adding 2 ml. of 
distilled water and allowing the clear solution to stand at room ~empera­
ture for one hour. The product was final~ cooled for forty-five minutes 
in an ice batho the solid collected on a small Buchner funnel by suction 
filtration and washed with a few milliliters of cold ethanol. The solid 
was dried in a vacuum desiccator over calcium chloride for twenty hours. 
The yield of finely divided yellow crystals of gamma-hydroxybutyraldehyde-
2o4=dinitrophenylbydrazone melting at 116.5=117°0. was 0.74 g. (45% based 
on 2 04=dinitrophenylbydrazine and 27% based on dibydropyran). The 
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reported melting point of this derivative in the literature is ll -117 C. 
Evaporation of the mother liquors resulted in the recover,r of 0.10 g. of 
impure material melting at 103-107°0. Approximately 75 mg. of the pure 
derivative to be used for an analysis was dried in an Abderhalden drying 
apparatus for one and one-half hours over phosphorus pento:dd_e at the 
boiling point of acetane. 
T. Analysis of gamm~-gydro;rbutyralde~yde-2,4-Dinitrophenylhydrazone 
C~lcd. for C10II12 05N~: C, 44.78; II, 4.51. Found: C, 44.6; II, 4.61 
0-14 Assay: 0.294 millimicroourie/mg. Carbon 
U •. Conversion of liadioactive Dihydropyran to Glutaric Acid 
1. gydrolysis of Di~ydropyran to delta-Kydro:x:yyaleraldehyde 
To 2.5 ml. of distilled water in a 10 ml. flask was added one drop of 
concentrated nitric acid. One and one-tenth milliliters (1.0 g.; 0,01~ 
mole) of radioactive dibydropyran was added to this dilute acid solution. 
The flask was stoppered with a tight fitting cork and shaken vigorously. 
A slight warming of the reaction mi:x:ture was noticed. After apprQ:x:imately 
fifteen minutes of shaking the mi:x:ture became homogeneous. The solution 
was then allowed ~o stand at room temperature for two hours. 
2. Oxidation of delta-HYdroxyyaleraldehyde to Glutaric Acid 
. I 
The procedure followed was essentially that of English and Dayan. 84 
A 25 ml. round-bottomed standard taper flask containing 4. 8 g. (3 .4 
ml.; 0.055 mole) of concentrated nitric acid was clamped into position in 
a cylindrical crystallizing dish containing an ice-salt mixture. The · 
cooling bath was resting on a magnetic stirrer. A stirring bar was placed 
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into the flask and the concentratea.nitric acid solution was stirred until 
the temperature of the solution was approximately ooc. as shown by a therm-
ometer placed in the solution every few minutes until this temperature was 
reached. The stirring was stopped and o.o4 g. of sodium nitrite (Baker 0 s 
Analyzedo C.P. Reagent) was added. A small condenserp approximately 17 em. 
longo was attached to the flask and the stirring again started. The mix-
ture was stirred for twenty minutes to allow most of the sodium nitrite 
to dissolve. The aqueous solution of the delta-bydroxyvaleraldebyde was 
then added dropwise to the cold oxidation mixture. The addition was carried 
out by dropping the aelta-bydroxyvaleraldebyde solution through the conden-
ser with a small medicine dropper at such a rate that two hours were re~ 
quired to add the entire amount. The r~action mixture was kept cold by 
replenisb~ng the ice-salt bath whenever necessary. The oxidation mixture 
turned yellow when the first drops of the bydroxyaldebyde solution were 
added. As the addition continued the color of the reaction mixture deep= 
ened first to a greenish-yellow 0 then to a dark green and final~ to a 
·' 
deep blue.. The stirring and cooling were continued\·-tor two and one-half 
. ~ 
hours after the addition was completed. !!!he cooling bath was removed 
and the reaction mixture was stirred for six hours at room temperature9 
The color of the mixture became gradual~ lighter until it was very light 
green at the end of the six hours. The condenser was then removed (to 
fabilitate the removal of brown f~es of nitrogen oxides which were given 
I 
off during the reaction) and the stirring continued. After approximate~ 
one ho~r the reaction mixture was very pale yellow. The contents of the 
flask were poured into a small evaporating dish and evaporated in the 
following manner: A ribbed watch glass was placed over the evaporating 
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dish. The dish was placed in a hood in such a manner that the door of 
the hood could be pulled down until it was a few inches above the dish. 
When the hood motor was on a stream of air rushed under the part~ open-
ed door. The liquid in the dish was evaporated overnight in this stream 
of air. The residue, consisting of 2-3 ml. of light brown liquid 9 was 
diluted with 5 ml. of distilled water. The evaporating dish was placed 
on a steam bath and gent~ warmed in the current of air under the hood 
door. In approximate:cy- one hour the volume was down to 2-3 ml. and 
another 5 ml. portion of water added and evaporated. This was repeated 
two more times. The solution (2-3 ml.) in the evaporating dish was al-
lowed to cool to room temperature whereupon it solidified into a greenish-
white mass. Using a porcelain spatula the solid was transferred to a 25 
ml. Erlenmeyer flask. Twenty milliliters of benzene (Baker 1 s Analyzed 
. 
c. P. lieag.ent~ redis'IH.lled 9 b.p. 80°0.) and 2 ml. of ether (:Saker's 
Analyzed 0 .. P. Reagent) were added and the mixture boiled on a steam 
bath. A light-brown insoluble liquid formed when the heating began and 
gradually disappeared as the boiling continued. The amount of solvent 
in the flask was kept constant by adding fresh portions of the solvent 
mixture. Final~. a nearly water-white homogeneous solution containing 
a small amount of yellow insoluble material was obtained. This solution 
was evaporated by boiling to approximate:cy- 15 ml. and filtered hot through 
a fluted filter paper. The flask was rinsed several times with 2 ml. 
portions of boiling benzene which were allowed to filter into the main 
filtrate. The clear filtrate was evaporated by boiling to approximate~ 
15 ml. 0 allowed to stand at room temperature for several hours and final:cy-
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coo.J,.ed for :fi!te,en Jllinu'!ie.s in calL.' io.e .ba~h.c·, IDhe: ·White product wa.s collect-
ed by suction filtration em a smalL.Buchner f'n.nne1• washed with three-2 
ml. portions o:f · cold.henzene and :air dried o"Vernight. The yield of glu-
recrystallized twice from ben~e;ne ;and :ether just as desc:ribed above. The 
yield of whitELc±wstal.lin~ glu~taro:tC' acid' nu~lting at 93;...94°0. was 1.1 g. 
(69~). Another :re.cry-stalliz-s.tio'n d~id .not affect. the melting point. The 
reported v!!,ilue.s -iu '::tfh~~ 1iteli'ature lfor ··~t:n.e: =me•lting•'point •of glutaric acid 
are 93-95°0· .. ,, ~5, 96.;;97°.0:., }.'!! 97~7~.5°c):08 and '9l-9s009 109 
'f;::- " 
V. Neutralization Equivalent of Radioactive Glutaric Acid 
~ I 'iJ'-;:; "~ \;-~·.--~-;-.,_·:~:~· I. 
The sample of glutaric acid (0.0603 g.) was dissolved in 5 ml. of 
r (. ·. ~· l--- .. ·, ·- - ,_, '· ·: ,., -
distilled water. This sample required 9.26 ml. of 0.0988 N sodium by-
droxide to titrate it to a phenolphthalein end point. The neutralization 
equivalent calculated from the above data is 66.0. The theoretical 
neutral equivalent is 66. 0). 
W. Ap.al.ysis of Glutaric Acid 
% Calcd. for 05Hg~: O, 45.45; H, 6.1 
Fou.nd: c. 45.57~ 45.62; Hp 6 .. o4, 6.07. 
0-14 Assay: 1.18 millimicrocurie/mg. Carbon 
1.19 n u It 
1.15 It n 
" 
Average 1.17 " 
tt II 
F~e 6: Scbmidt Reaction Apparatus 
(Scale: lO mm. : 5.3 em~) 
A- 30 ml. addition funnel 
B- Side arm for nitrogen 
c- 100 ml. three-necked reaction flask with stirring bar 
D- !Ieating bath 
E- Heating coil (electric) 
F- Magnetic stirrer 
G. Condenser 
H- Delivery tube 
I- Carbon dioxide tr~p 
J- Pressure stopcock 
K- Glass sintered funnel 
L- 250 mJ.. suction fla$k 
M- Ascarite ·tube 
X* The Reaction of Radioactive Glutaric Acid with Hydrazoio Acid 
The apparatus used in this experiment is shown in fig. 6 o page 95 .. 
The end of the deliver.r tube in the carbon dioxide trap was one inch 
above the stopcoc~. 
To the 100 ml. round-bottomed 0 three-necked 0 standard taper reaction 
flask was added 0.50 g. (0.,003S mole) of radioactive glu.tario acid, 1.04 
s~ (0.0160 mole) of sodium azide (Matheson) and 25 ml. of chloroform 
(Baker 0 s Ana~zed o. P. Reagent). The s~stem was swept for twent~ min-
utes with nitrogen that had passed through towers of sulfu.ria acidD 
sodium hydroxide pellets and Drierite. The top of the carbon dioxide 
trap was removed and 125 ml. of saturated barium hydroxide solution was 
filtered into it. The nitrogen sweeping was continued du.ring the addi-
tion of the barium hydroxide. After an additional ten minutes of sweep-
ing the barium hydroxide solution was still clear. The magnetic stirrer 
was s.tarted and the electrical~ heated water bath was warmed to 64°0, 
The nitrogen sweeping rate was adjusted to approximate~ one bubble per 
second. When the chloroform began to reflux 13 g. (7 ml& 0.1 mole) of 
concentrated sulfuric acid was added dropwie~ to the reaction mixture 
using the small pressure equalising dropping funnel. The addition was 
at such a rate that the sulfuric aoid was completelr added in fifteen 
minutes. A few minutes after the addition of the sulfuric acid bad 
started a white precipitate was noticed in the carbon dioxide trap. The 
reaction mixture was stirred and heated for two hours after all of the 
sulfuric acid had been added. The stopcock on the tube connecting the 
reaction flask to the carbon dioxide trap was closed, The trap~ the 
glass sintered funnel (medium porosity) and the suction flask were die-
connected as one un!t from the remainder of the apparatus. The suction 
flask was connected to a water pump and the barium carbonate was collect-
ed on the Buchner funnel by suction filtration. An Ascarite tube pro~ 
tected the system from atmospheric carbon dioxide. The filtration was 
very slow requiri;cg approximate4r twelve hours. The barium carbonate 
was washed with approximate4r 100 ml. of boiling water in 10 ml. portions. 
This was done by drawing the boiling water into a 10 ml. syringe equipped 
with a six inch needle. The rubber gasket at the top of the trap was 
punctured and the walls washedo The barium carbonate was final~ washed 
with ~0 ml. of acetone and dried in an electrical~ heated oven at 120°0. 
for twelve houra. The yield of dried white powdery material was 1.64 g. 
(109%). 
Ana4rsis of the barium carbonate showed it to be 97% pure and to 
have a specific activity of 2.43 millimicrocurie per milligram of carbon~ 
Y. The Isolation of 193-Diaminopropane as the Dibenzoyl Derivative 
The reaction flask from the Schmidt reaction was cooled with crush-
ed ice which was put into the crystallizing dish former4r used as a heat-
ing bath. Two drops of phenolphthalein solution were added to the react-
ion mixture. A 15% solution of sodium hydroxide was added dropwise 0 with 
stirring, to the reaction mixture. The base was added with the same drop-
ping funnel that was used to add the sulfuric acid in the Schmidt reaction. 
Approximate4r 50 ml. was required to neutralize the reaction to a phenol-
phthalein end point. Ten milliliters excess of sodium hydroxide was added 
(total 60 ml.). The stirring was stopped and the addition funnel and 
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sisting of a layer of ehloroformca:nd an aqueoi:i.s 1B:Yer 0 was poured into a 
250 ml,; Erlenmeyer flask •. 'c•TO· thisrmixtur~ was added 2~4 'g. (2. 0 ml. 0 
0<~ 017 mo:l.e }; ·of· benzoyl.·- ahl~ride 1 (Eastman ·xod.8:k ·:whit-e labe 1 9 ·used. direct-
ly}.; The flask was ·stoppe·red·-w:tth a cork and shAken vigorously for ten 
might ·build up. A. <llOiidiness in the ·chloroform la;y'er was noted. The 
reaction mb:ture was :sbaken:o(jeasional'ly<for five hohrs 'ana allowed to 
stand an additional fifteEi1C·ho-urs at ·:room temperature. The' mixture was 
then <;pau:rl.ed·.r::.tnt:ol:a vJ!25 :m]]~; ae·:Para.e'ory>furiD.el arid the bottom iayer of· 
ehloro1brni -drained: t;in'tfo :a,,<125 'rill. Erlenril.eyer f'li'sk. The a'queous layer 
ws;a· e:x.t:rau.tdd'tW'illfh thrree'-2'Ci 'ml?o' pi<h.•ti'oJi~l 'of' cihlorof'orm ~ 'eB:'cih port i® 
being added to the original ahloroform layer. The combined chloroform 
extraci1nf :were.: nriect~;bver: l(!l' g:/ 'df'ahnyd:rioiiiJ lnagnesidin' si:tlfate -(:Baker's 
Analyzed :0.•: P. Reag~nt}. The· nfugriesium· sulfate was removed by filtra.-
tion 9 washed with chloroform, and the clear, water white chloroform 
·) - •:: . ! ~'' ' 
s~lution was concentrated on a steam bath to approximately 25 mlo The 
. ,· ;~ ' ·-'·· 
solution was then transferred to a 50 ml. Erlenmeyer flask and the eon-
,• : ~ ... , . , : ' ·: I:,· '! 1 <, i , ;': 
centration continued until no more boiling was observed. Approximately 
.. ' 
was added to the pale yellow residual oil. The clear solution was cooled 
'r,·,~·::0~. -·-~~/. ····r::·.t ':'. ·~\~. u···:i:,:·. ·!··~j·:·: ' 
overnight in the ice bo:x:o The white solid that formed was collected in 
. ' . . . 
a small Buehner funnel by suction filtration, washed with three-5 ml • 
.. _,_.~;_. ,. ___ .. _·:'\;~-.~ ',. t~l :,~ ~ ./,_., .. ··.;:~··c~'i) .. :: · ;;: .. , ~-._·u ;. ' · ·~~-~· 
portions of cold benzene and air dried. The yield of product melting at 
:(j:-).J_;-;~~.:-:;:·(·~··~ r:r:~) .-~~~,:-.rr~~o ::~<·:'-·· .',·1 ... 1J.j'l .. i·i·;c:~c:: t·l_:,r( :-:·~ ·.f , iJ<~.-:·.!rl~. ; .. J 
145-145.5°0. was o. 70 g. (65%). The dibenzoyl derivative was reorystal-
(;;,;·,/.._·,::t, .. (~q j'::.:~.-,)r... ;J.:}\::! :--,,.,;.~··::. _;:-:;::; :.~~~:_j ~-j~'1 c')~ .. )_:;(j<J :·lt_ll_} ::·f·;:~:. ~H.)I_li'i .• !·.~:i · .... ,· 
lized by dissolving it in approximately 30 ml. of bOiling benzene and 
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filtering the hot solution through fluted filter paper. The clear fil-
trate was aonaentrated to approximate~ 15 ml. and cooled for five hours 
in the ice box~ The white crystalline product was collected by suction 
filtration and air dried overnight. The yield of N9 N8-dibenzoyl-lp3-
diam.inopropane melting at 148.5-149°0. (corr.) was o~l?3 g. (59~). The 
reported values in the literature for the melting point of this compound 
is 147-148°0. 110 and l5l0c.93 A sample for ana~sis was dried in an 
Abderhalden drying apparatus for two hours at l00°C. over phosphorus 
pentoxide and paraffin. 
z. Ana.l.ysis of N.N°-Dibenzo:rl-l 93-Diaminopropa.ne 
% ~alod. for C17H1eOaNa: Cp 72.323 Hp 6.43 
Found: Op 72o6; Ho 6o39 
0-14 Assay: O.Oo4 t 0.002 millimioroc~rie/mg. Carbon 
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ABSTBAOT 
When tetrahydrofurfuryl alc~hol is passed over alumina at tempera-
tures between 300 and 360°0 a unique rearrangement occurs. Instead of a 
simple dehydration of the alcohol 0 a ring expansion is observed. The 
product is dihydropyran. If it is assumed that the first step involves 
the removal of the hydroxyl group from the tetrahydrofurfuryl alcohol 
by the alumina to give a carbonium ionn then shift of the heterocyclic 
oxygen atom followed by loss of a proton would give the six-membered 
ring productn dibydropyran. It is also possible that instead of the 
oxygen atom migrating the carbon atom at the 3-position of the tetrabydro-
furfuryl alcohol might shift to the external methylene carbon9 Loss of 
a proton woula also give dihydrop~ran. 
The path of the rearrangement can be· followed if tetrahydrofur-
furyl alcohol labeled with oarbon-14 in the external metb;y'lene group is 
utilized. If the heterocyclic oxygen shifts the resulting dihydropyran 
will be labeled at the 2-position. On the other handn if the 3-oarbon 
atom shifts the dibydropyran will be labeled at the 3-position9 It was 
considered possible that both paths might be operativen so that the di-
bydropyran would be labeled at the 2- and 3-positions. 
The first part of the problem was concerned with the preparation 
of tetrah;rdrofurfuryl alcohol labeled with carbon=l4 in the external methyl-
ene ~arbon (tetrahydrofuryl-2=carb1nol-O-l4). The first step in the 
1 
preparation of the alcohol was the synthesis of carboxyl-0-14 furoic acid. 
This compound was prepared by Dr. Walter J. Gensler at Brookhaven National 
Laboratory by the carbonation of furyllithium with carbon dioxide-C-14. 
The furyllithium was prepared by a metal exchange reaction,between furan 
and butyllithium. The carbon dioxide=C-14 was obtained from Oak Ridge 
barium carbonate-C-14. Two separate preparations gave the carboxyl label-
ed furoic acid in yields of 80 and 85%· That all activity was present in 
the carboxyl group was shown by decarboxylating the furoic acid with cop-
per and quinoline. The resulting furan combined with maleic anhydride to 
dride. This compound was complete~ inactive. The furoic acid had a 
specific activity of 4.12 millimicrocurie per milligram of carbon (ab-
breviated muc/mg. c.). 
The labeled furoic acid /was reduced to furfuryl alcohol with lithium 
' 
aluminum hydride. The reduction was performed by adding a solution of 
furoic acid in ether dropwise to a slurry of lithium aluminum hydride in 
ether. After decomposition 'of the excess lithium aluminum hydride with 
aqueous sodium hydroxide the furfuryl alcohol was isolated from the re-
action mixture by extraction with ether. No attempt was made to purify 
the crude furfuryl alcohol 0 ,which was obtained on concentration of the 
' 
ether extract. The crude 9 labeled furfuryl alcohol (furyl-2-carbinol-C-
14) was converted to tetra~drofurfuryl alcohol by catalytic hydrogena-
{ 
i tion. The furfuryl alcoho~ was placed in the small glass liner of a high 
I 
pressure bydrogenator. Rarte~ nickel catalyst 
I 
was hydrogenated at 50°0 and 
I 
was added and the alcohol 
100 atmospheres. The product o labeled 
2 
tetrabydrofurfuryl alcoholo was obtained in 77% yield (from furoic acid) 
and had an average specific activity of 4.04 muc/mg.C. 
The rearrangement of labeled tetrahydrofurfuryl alcohol was done over 
activated alumina in an electrically heated furnace heated to an average 
temperature of 340° and in an. atmosphere of nitrogen. It was found t bat 
better yields of dibydropyran were obtained with "pretreated" alumina. 
This is apparently due to the large ~ount of alcohol that is adsorbed 
on the alumina. The pretreatment was done by passing dibydropyran over 
the alumina heated to 100° in the furnace. Then "cold" tetrahydrofurfuryl 
alcohol was passed over the alumina heated at 300 to 360°0. After this 
last treatment the alumina was considered to be ready for use. The label-
ed tetrahydrofurfuryl alcohol was diluted approximately three-fold with 
11 cold 11 alcohol. The dibydrol?yran was obtained in 63% yield and bad a 
specific activity of 1.17 mu~/mg.C. 
. . 
It was necessary to loc~te the activity in the dibydropyran. In 
order to obtain the amount 9f activity at the 2-position 0 the dibydropyran 
. 
was ozonized. Ozonolysis ot dibydropyran should lead to a coml?ound with 
This compound 0 which is a 
formyl estero should easily hydrolyze to formic acid and gamma-hydroxy-
butyraldeb;rd.e. 
Dibydropyran absorbed pzone smoothly in methylene chloride solvent • 
. 
The theoretical amount of o1zone was taken up in approximately the time 
! 
calculated. The ozonide Wets decomposed with zinc dust and water. The 
formyl ester intermediate hydrolyzed and the formic acid was isolated as 
zinc formate dihydrate. T~ gamma-bydro~butyraldebyde was separated 
! '\ 
from the z~nc formate solu~ion by extracti~ with ether and was isolated 
3 
as the 2 04-d.initrophenylbyd.razone. The zinc formate contained onl;r the 
carbon atom from the 2-position of dihydropyran. The other carbons of 
the dibydropyran appear in the gamma-bydroxybutyraldehyde. These two 
fragments were found to have the original activity of the dibydropyran 
divided very nearl;r equally between them. This suggests that in the re-
arrangement at least half of the tetrahydrofurfuryl alcohol rearranges 
with a shift of the heterocyclic oxygen atom. 
' ' 
It was now necessary to ,locate the activity of dihydropyran other 
than that in the 2-position. , If a carbon shift occurred the activity 
of the gamma-bydroxybutyraldehyde would be located entirely in the car-
bonyl carbon since this was originally the 3-carbon of dihydropyran. It 
was realized that under the conditions of the rearrangement (high tempera-
ture over alu~ina) another factor could be operating. This was isomeriza= 
tion of the double bonc:l of dihydropyran from the 2 oJ ... position to the 
. . \ 
equivalent 5o6-position. If this occurred the activity would be spread 
between the 2- and 6-poaitions as well as between the 3- and 5-positions 
of dihydropyran. The gamma~hydroxybutyraldehyde would be active bu.t the 
activity wou.ld be located at the beta and gamma-carbon as well as the 
carbonyl group. To locate this activity dihydropyran was converted to 
glo.taric .acid. The carbons! at the 2- and 6-positions of dihydropyran 
are present in the carboxyl! gro11ps of the glutaric acid. Decarboxylation 
of the glutaric 
three methylene 
i 
acid and isolation of the carbon dioxide as well as the 
I 
groups wou~ enable the activity at the 6-position (that 
i 
at the 2-position was alre~dy known from the zinc formate) and at the 
i 
3-. 4-D and 5-positions as1a groo.p to be determined. 
4 
The dihydropyran was hydrolyzed with dilute aqueous acid to delta-
hydroxyvaleraldebyde. The delta-ey"drox;rvaleraldehyde was oxidized with 
cold concentrated nitric acid. The product, glutaric acid, was obtained 
in 69% yield and had the same specific activity (1.17 muc/mg .• O.) as the 
•dibydropyran. The glutaric acid was decarboxylated by utilization of 
t"he Schmidt reaction. This reaction was carried out by dropwise addi-
tion of concentrated sulfuric acid to a stirred mixture of glutaric acid 
and sodium azide in chloroform. The carbon dioxide was collected as 
barium carbonate in a saturated barium hydroxide solution. The carbon 
dioxide trap was connected to the reaction flask and the entire system 
was swept with nitrogen during the reaction. 
The three methylene groups of glutaric acid were present in the re-
action mixture as 1,3-diaminopropane (trimethylenediamine), which was 
isolated as the dibenzoyl de~ivative. The barium carbonate was impure 
and .2 was on~ used as~qnalitative check on the other activities. How-
ever, far more important, was the fact that the dibenzoyl derivative of 
trimetbylenediamine, having a specific activity of o.oo4 muc/mg.O., was 
essentially inactive. At most, the trimethylenediamine can have only 
one per cent of the activity in dibydropyran. This indicated .that the 
activity of dibydropyran was nearly equally·divided between the 2- and 
6-positions. The location of activity in the 6-position is conveniently 
explained by isomerization of the double bond of dihydropyran. 
Summarizing, it can be stated that the rearrangement of tetrabydro-
furfuryl alcohol to dibydropyran over activated alumina at 300-360° can 
\ be explained by a shift of the heterocyclic oxygen atom. It can be 
5 
further stated that during or after the formation of dihydropyran a step 
occurs that places the labeled carbon at the 6- as well as the 2-posit ion. 
6 
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